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UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF NEW JERSEY

IVAX PHARMACEUTICALS, INC,,
Plaintiff,

V. Civil Action No.

ASTRAZENECA AB and
MERCK & CO., INC,,

Defendants.

COMPLAINT FOR DECLARATORY JUDGMENT
Plaintiff IVAX Pharmaceuticals, Inc., (“IVAX Pharma”) for its Complaint against

AstraZeneca AB and Merck & Co., Inc. (collectively “defendants”), alleges as follows:
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THE PARTIES

1. IVAX Pharma is a Florida corporation with its principal place of business at 4400
Biscayne Boulevard, Miami, FL 33137. IVAX Pharma develops, manufactures, and markets
generic pharmaceutical products in the United States.

2. On information and belief, defendant AstraZeneca AB (“AstraZeneca™) is a
company organized and existing under the laws of Sweden, having its principal place of business
at Sédertilje, SE-151 85, Sweden. AstraZeneca AB was a corporate name change from Astra
Aktiebolaget.

3. On information and belief, defendant Merck & Co., Inc. (“Merck™) is a New
Jersey corporation, having its principal place of business at One Merck Drive, Whitchouse
Station, New Jersey (08889,

4. On information and belief, AstraZeneca owns U.S. Patent No. 5,690,960 (“the
"960 patent™), entitled “Pharmaceutical Formulation of Omeprazole,” a copy of which is attached
hereto as Exhibit A.

5. On information and belief, AstraZeneca owns U.S. Patent No. 5,900,424 (“the
"424 patent”), entitled “Omeprazole Magnesium Salt Form,” a copy of which is attached hereto
as Exhibit B.

6. On information and belief, Merck owns U.S. Patent No. 6,147,103 (“the *103
patent”), entitled “Omeprazole Process and Compositions Thereof,” a copy of which is attached
hereto as Exhibit C.

7. On information and belief, Merck owns U.S. Patent No. 6,166,213 (“the 213
patent”), entitled “Omeprazole Process and Compositions Thereof,” a copy of which is attached

hereto as Exhibit D,
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8. On information and belief, Merck owns U.S. Patent No. 6,191,148 (“the *148
patent”), entitled “Omeprazole Process and Compositions Thereof,” a copy of which is attached
hereto as Exhibit E.

JURISDICTION AND VENUE

9. This Court has jurisdiction over the subject matter of this action pursuant to 28
U.S.C. §§ 1331 and 1338(a), in that it involves substantial claims arising under the United States
Patent Act, 35 U.S.C. § 1 et seq.

10.  This Court may declare the rights and other legal relations of the parties pursuant
to 21 U.S.C. § 355G)(5)(C) and 28 U.S.C. §§ 2201 and 2202 because this is a case of actual
controversy within the Court’s jurisdiction which seeks a declaratory judgment that the *960,
"424, 7103, °213 and *148 patents are invalid and would not be infringed.

I1. The Court has personal jurisdiction over AstraZeneca because of its continuous
and systematic contacts with the state of New J ersey, including its conducting of substantial and
regular business therein through the marketing and sales of its pharmaceutical products in New
Jersey.

12. The Court has personal jurisdiction over Merck because of its continuous and
systematic contacts with the state of New Jersey, including its maintaining a principal place of
business in this District.

13. Venue is proper in this judicial district based on 28 U.S.C. § 1400(b) and/or 28

U.S.C. § 1391(b), () and (d).
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BACKGROUND

14. On information and belief, AstraZeneca or an affiliated entity is the owner of
approved New Drug Application (“NDA”) No. 21-153 for esomeprazole magnesium in capsule
form, 20 mg and 40 mg.

15. On information and belief, defendants, by themselves or through affiliated
entities, market NEXIUM ®© esomeprazole magnesium 20 mg and 40 mg capsules throughout the
United States under NDA No. 21-153.

16.  AstraZeneca has informed the United States Food and Drug Administration
(“FDA”) of the following unexpired patents “with respect to which a claim of patent
infringement could reasonably be asserted if a person not licensed by the owner engaged in the
manufacture, use, or sale of [esomeprazole magnesium capsules]”: the *960, *424, *103, *213
and *148 patents, and U.S. Patent Nos. 5,714,504 (“the ’504 patent™); 5,877,192 (“the *192
patent”); 6,875,872 (“the *872 patent”); 6,428,810 (“the *810 patent”), and 6,369,085 (“the *085
patent”). See 21 U.S.C. § 355(b)(1), (c)(2). The FDA listed these patents in a publication
entitled “Approved Drug Products with Therapeutic Equivalence Evaluations,” commonly
known as the “Orange Book,” in connection with NDA No. 21-153. See 21 US.C. §
355(DENANG).

17. IVAX Pharma holds Abbreviated New Drug Application (“ANDA”) No. 78-003,

filed November 23, 2005, for 20 mg and 40 mg esomeprazole magnesium capsules. This
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ANDA, which has been accepted for review by the FDA, seeks approval to market generic
versions of NEXIUM® 20 mg and 40 mg esomeprazole magnesium capsules.

18.  IVAX Pharma seeks to market esomeprazole magnesium capsules before the
expiration of the patents listed in the Orange Book covering those drug products, and filed a
certification under 21 U.S.C. § 355(G)(2)(A)(vii)(IV) (a “Paragraph IV certification”) certifying
that the patents listed in the Orange Book are either invalid or will not be infringed by the
manufacture, use, or sale of IVAX Pharma’s proposed esomeprazole magnesium capsules.

19. In connection with its filing of its Paragraph IV certification, IVAX Pharma
provided Defendants with an offer of confidential access to its ANDA in accordance with 21
U.S.C. §8 355G)(SHCYi)I)(ce) and (I1D),

20. On March 8, 2006, AstraZeneca sued IVAX Pharma, alleging, inter alia,
infringement of the *504, *192, ’872, "810 and ’085 patents; it did not allege infringement of the
"960, °424, °103, °213 and *148 patents. See AstraZeneca AB et al. v. IVAX Corporation et al.,
Civil Action No. 06-1057 (D.N.L.). The 45-day period following defendants’ receipt of IVAX
Pharma’s notice of Paragraph IV certification has expired.

THE CONTROVERSY

21. Because defendants did not assert the 7960, *424, "103, °213 and *148 patents
within the 45 days following receipt of IVAX Pharma’s notice of Paragraph IV certification,
IVAX Pharma faces uncertainty and great potential risk if AstraZeneca should assert any of the
"960, *424, °103, °213 and *148 patents after IVAX Pharma begins commercially marketing its

esomeprazole magnesium capsules.
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22.  Accordingly, there is an actual, substantial, and continuing justiciable case and
controversy between IVAX Pharma and Defendants regarding the validity and infringement of
the ’960, *424, 103, *213 and *148 patents, over which this Court can and should exercise
jurisdiction and declare the rights of the parties. IVAX Pharma is therefore entitled to bring and

maintain this action for declaratory judgment. 21 U.S.C. § 3535(G)SKC).

COUNT1
DECLARATORY JUDGMENT OF NONINFRINGEMENT
23. IVAX Pharma’s commercial manufacture, use, offer for sale, sale, or importation

of its generic equivalents of NEXIUM ® or the active ingredient thereof would not infringe the

960 patent.
COUNT II
DECLARATORY JUDGMENT OF NONINFRINGEMENT
24. IVAX Pharma’s commercial manufacture, use, offer for sale, sale, or importation

of its generic equivalents of NEXIUM ® or the active ingredient thereof would not infringe the

'424 patent.
COUNT 11
DECLARATORY JUDGMENT OF NONINFRINGEMENT
25. IVAX Pharma’s commercial manufacture, use, offer for sale, sale, or importation

of its generic equivalents of NEXIUM ® or the active ingredient thereof would not infringe the
g q g

103 patent.
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COUNT IV
DECLARATORY JUDGMENT OF NONINFRINGEMENT

26. IVAX Pharma’s commercial manufacture, use, offer for sale, sale, or importation

of its generic equivalents of NEXIUM ® or the active ingredient thereof would not infringe the

"213 patent.
COUNT YV
DECLARATORY JUDGMENT OF NONINFRINGEMENT
27. IVAX Pharma’s commercial manufacture, use, offer for sale, sale, or importation

of its generic equivalents of NEXIUM ® or the active ingredient thereof would not infringe the

"148 patent.

COUNT VI
DECLARATORY JUDGMENT OF PATENT INVALIDITY

28.  The claims of the *960 patent are invalid under 35 U.S.C. § 101 ez seq.

COUNT VII
DECLARATORY JUDGMENT OF PATENT INVALIDITY

29.  The claims of the 424 patent are invalid under 35 U.S.C. § 101 et seq.

COUNT v1II
DECLARATORY JUDGMENT OF PATENT INVALIDITY

30.  The claims of the *103 patent are invalid under 35 U.S.C. § 101 ez seq.

COUNT IX
DECLARATORY JUDGMENT OF PATENT INVALIDITY

31. The claims of the "213 patent are invalid under 35 U.S.C. § 101 et seq.

COUNT X
DECLARATORY JUDGMENT OF PATENT INVALIDITY

32. The claims of the "148 patent are invalid under 35 U.S.C. § 101 et seq.
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PRAYER FOR RELIEF

WHEREFORE, IVAX Pharma respectfully requests the Court enter judgment against
AstraZeneca and Merck to include:

A, a declaration that IVAX Pharma’s manufacture, use or sale of its generic
equivalents of NEXIUM® or the active ingredient thereof will not infringe United States Patent
No. 5,690,960,

B. a declaration that IVAX Pharma’s manufacture, use or sale of its generic versions
of NEXIUM® or the active ingredient thereof will not infringe United States Patent No.
5,900,424;

C. a declaration that IVAX Pharma’s manufacture, use or sale of its generic versions
of NEXTUM® or the active ingredient thereof will not infringe United States Patent No.
6,147,103;

D. a declaration that IVAX Pharma’s manufacture, use or sale of its generic
equivalents of NEXIUM® or the active ingredient thereof will not infringe United States Patent
No. 6,166,213;

E. a declaration that IVAX Pharma’s manufacture, use or sale of its generic
equivalents of NEXIUM® or the active ingredient thereof will not infringe United States Patent
No. 6,191,148;

F. a declaration that United States Patent No. 5,690,960 is invalid;

a declaration that United States Patent No. 5,900,424 is invalid;

G
H. a declaration that United States Patent No. 6,147,103 is invalid;

o

a declaration that United States Patent No. 6,166,213 is invalid;

I a declaration that United States Patent No. 6,191,148 is invalid;
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L. an award of IVAX Pharma’s reasonable costs and attorneys’ fees in connection
with this action; and

K. all such other and further relief as the Court may deem just and proper.

LITE DEPALMA GREENBERG & RIVAS, LL.C

Dated: April 30, 2008 /s/ Michael E. Patunas
Allyn Z. Lite
Michael E. Patunas
Mayra V. Tarantino
Two Gateway Center, 12th Floor
Newark, New Jersey 07102-5003
(973) 623-3000

Of Counsel:

KENYON & KENYON LLP
James Galbraith

Anita Pamintuan Fusco

Huiya Wu

One Broadway

New York, NY 10004

Tel.: (212) 425-7200

Fax: (212) 425-5288
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LOCAL CIVIL RULE 11.2 CERTIFICATION

Plaintiff, by its attorneys, hereby certifies that to the best of its knowledge the specific
matters in controversy herein are not the subject any action pending in any court, or of any
pending arbitration or administrative proceeding. Plaintiff hereby provides notice of pendency in
this District of actions related to this case. Specifically, AstraZeneca AB, et al. v. IVAX
Corporation, et al., original Civil Action No. 06¢cv01057-JAP-TIB, consolidated with Civil
Action No. 05¢v05553-JAP-TIB, and AstraZeneca AB, et al. v. Dr. Reddy’s Laboratories, et al.,
Civil Action No. 08cv00328-JAP-TIB, relate to claims of infringement of other patents arising
out of Abbreviated New Drug Applications concerning generic esomeprazole magnesium
capsules, the product at issue in this action.

I hereby certify that the following statements made by me are true. I am aware
that if any of the foregoing statements made by me are willfully false, I am subject to

punishment.

Dated: April 30, 2008 /s/ Michael E. Patunas
Michael E. Patunas

10
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EXHIBIT A
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PHARMACEUTICAL FORMULATION OF
OMEPRAZOLE

This application is a 371 of PCT/SE 94/00631 filed Jul.
8§, 1994,

FIELD} OF THE INVENTION

The present invention is related to a new pharmaceutical
formulation containing a novel physical form of a magpe-
st salt of omeprazole, to a method for the manvfacture of
such a formulation, and to the use of such a formulation in
medicine.,

BACEGROUND Of THE INVENTION

The compound knownm under the gemeric name
omeprazole, S-methoxy-2({(4-methoxy-3,5-dimethyl-2-
pyridinylmethyDsulfiny)-1H-benzimidazole, is described
la. in EP-A ( 005 125.

Omegprazole is useful for inhibiting gastic acid secretion
and has gastric mucosa protective activity. In a more general
sense, omeprazole may be nsed for prevention and treatment
of gastric acid related disorders in mammals and man,
including e.g. gastroesofageal reflux disease, gastritis, gas-
tric uleer 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 fen
minutes. Also at neuwral pH-values degradation proceeds
rapidly, e.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 omeprazole is also affected by ruoisture, heat,
organic solvents and to some degree by light.

From what is sald about the stability properties 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 romst be
transferred in intact form to that part of the gastrointestinal
tract where pH is near neutral and where rapid absorption of
omeprazole can occnr

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

Cerfain 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 cmeprazole for incorporation in
pharmacentical preparations are emphasized,

Thers is however, a demand for the development of new
cateric preparations of omeprazole with enhanced stability
and for environmental aspects there is also a strong desire
for the use of water based processes im production of
phammacentical products.

The isolation and purification in full manufacturing scale
of the magnpesiom omeprazole salts described in EP-A 0 124
495 presents one major problem in that the magnesiom
omeprazole salt particles are very fragile making pharma-
ceutical manufacturing processes utilising this product Iess
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2 .
attractive in full scale production. Performing the process
without crystallization of the magnesium omeprazole gives
a product which is less suitable as a pharmacentical sub-
stance. )

In order to use the magnesium sait of omeprazole, in this
specification denoted magnesium omeprazofe, in full manu-
facturing scale in preparing pharmacentical formulations
primarily for oral administration, such as tablets, it is
ngcessary that said magneshmn omeprazole possesses a
combination of properties which makes such full scale
manufacturing feasible.

The combination of physical properties 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 manafacture of the new pharmaceutical
formmlation, )

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

SUMMARY OF THE INVENTION

Ozne object of the present investion is to provide a’
pharmacentical 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 pharmaceuticat formulations of omepra-
zole.

The new dosage form is characterized in the following
way. Core material 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 opfionally comprising tablet excipients which are
soluble or insoluble bu! disintegrating in water, or
polymeric, fikmforming compeounds, optionally containing
pH-buffering, alkaline compounds between the core and an
outer layer, which is an enteric coating, This/these inner
layes/layers separates/separate the core material from the
outer layer being an enteric coating.

The process of forming the enteric coated dosage form is
preferably water-based. Also the enteric coating process
step, which usally is carried oot using an organic solvent,
can be carried out using a water-based process which is
desirable both for the working environtent 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 thar 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 pharmacentical formulation is defined in claims
1-8, a process for the manufacture of the pharmacentical
formulation according to the present invention is defined in
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claims 9-10 and the use of the formulation in medicine is
defined in claims 13117,

Magnesinm Omeprazole

Magresium 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-
tuined 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 pm, preferably less than 20 pmm as deter-
mined by laser diffraction techrique,

<) Density between 1.33 g/fom® and 135 glom® 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 Kart Fischer,

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

The process for prodacing the novel form of Thagnesium

omeprazole is characterized by the following consecutive
steps

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

2) separating inorganic salts from the reaction mixture

3) erystallizing magnesiom omeprazole

4) isolating the obtained crystalline magnesivm omepra-
zoke and, optionally

5) purifying and drying the erystalline magnestum ome-
prazole using conventional methods.

The process for manufacturing the novel magnesinm

omeprazole can be described in the following way:

Alower alcohol, such as methanol, ethanol, n-propano] 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 shonid preferably be between 10° and 30° C.
After addition of the magnesium o the solation the tem-
perature can, in a second step be raised forther to between
0° C. and reflux temperature, preferably 20°-50° C. After
termination of the reaction the terperatwre is reduced to
0°-40° C., preferably 10°-25° C. Omeprazole or a salt of
omeprazole is thep added to the solution and after tarmina-
ton of the reaction the mixture is cooled to -10° C, to +20°
€., 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 soparated from
the: reaction solution for example by centrifugation or fil-
tration and the solution is heated to 5° C. to 30° C.
wherealter the solution is seeded with magnesium omepra-
zole crystals. An ammount of water, which Is approximately
equal to the volume of the solution, is added to start the
crystaliization. The solution is cooled to —10°eo +20° C.,
preferably 0°~10° C. to complete the crystallization. The
orystals are then separated from the mother liguid 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.

1Q
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" weight, preferably 2.0-10.0%,

4
Core Material

The novel magnesivm salt of omeprazole, herein refermed
to as magnesiovm omeprazole, is mixed with iner, preferably
water soluble, conventional pharmaceutical constifuents to
obtain the preferred concentration of omeprazole in the final
mixture. Optionally the magnesium omeprazole may be
mixed with an alkaline reacting, otherwise inext, phamma-
cettically acceptable substance (or substances), Such sub-
stances can be chosen among, but are not restricted to
substances such as the sodium, potassium, calcium, magne-
sium and aluminium salts of phosphoric acid, carbonic acid,
citric acid or other suitable weak inorganic or organic acids;
aluminfum hydroxide/sedium bicarbonate coprecipitate;
substances normally nsed jn antacid prepatations such as
aluminium, calciom and magnesium hydroxides; magne-
sium oxide or composite substances, such as
AL0;.6Mg0.CO,.12H,0, (MgeAL(OH),(C0,.4H,0),
Mg0.ALD,.28i0,.a1,0 or similar compounds; organic
pH-buffering substances such as
trihydroxymetbylaminomethane, basic amino acids and
their salts or other similar, pharmaceutically acceptable
pH-buffering substances.

The powder mixture is then formulated into pellets,
granules or tablets, by conventional pharmaceatical proce-
dures. The pellets, gramules or tablets are msed as core
material for farther processing.

Separating Layer——Subcoating

The cores contzining 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 separating Iayer, serves as 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 scparating layer
can be further strengthened by introducing in the layer
substances choser from a groop of compounds usually used
in antacid formulations such as, for instance, magnesium
oxide, hydroxide or carbonate, aluminium or calcinm
hydroxide, carbonate or silicate; composite alumininre/
magaesium compounds such as, for instance
AL, O,.6Mg0.C0,.12H,0, (MggAL(OH),,CO,.4H,0),
Mg0.A1,0,.2810,.0H,0, aluminium hydroxide/sodium
bicarbonate coprecipitate or similar compounds; or other
pharmaceutically acceptable pH-buffering compounds sach
as, for instance the sodium, potassium, calciom, magnesium,
and aluminium salts of phosphoric, carbogic, citric or other
suitable, weak, fnorganic or organic acids; or suitable
organic bases, including basic amino acids or salts thereof,

The separating layer may consist of one or more layers,

The separating layer(s) can be applied 1o the core
material—peliets, granules or tablets--hy conventional
coating procedures in a suitable coating pae, centrifugal
fluidized coating-granulater, or in a fuidized bed apparatus
using water and/or conventional orgamic 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 aleohol, hydroxypropyl
cellulose, methylcellulose, ethyleellulose, hydroxymethyi
celiutose or hydroxypropyl methyleeTulose. The separating
layer, “subcoating”, applied to the core material may con-
stitte from approximately 0.5 to 25% by weight of the core
and more preferably
2.55.0%.
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In the ease of a tablet formulation another method to apply
the separating layer(s) can be performed by drycoating
technique. First a tablet containing magnesium omeprazoie
is formulated as described above. Around this tablet one or
more layers are compressed using a suitable tableting
machine. The separating layer(s) consists of pharmacenti-
cally acceptable, soluble or insoluble but in water disinte.
grating tablet excipients. The separating Iayer(s) has pref-
erably a thickness of ot less than approximately 1 mm.

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

Enteric Coating Layer

The enteric coating iayer is applied in one or moxe 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
Iatex suspensions of said polymers or optionally using
polymer solutions in suitable crganic solvents. 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 phithalate, hydroxypropyl methyicellulose
phthalate, hydroxypropyl methyleeHilose acetate succinate,
polyvinyl acetate phthalate, cellufose acetate trimellitate,
carboxymethylethylcelhilose, sheilac or other suitable
cateric coating polymer(s}. Preferably water-based polymer
dispersions such as for example compounds known under
the trade names Aguateric® (FMC Corporation), Pudragit®
(Rohm Pharma), Aqoat™ (Shin-Etsu Chemical), Opadry™
(Colorcon) or similar compounds are used to obtain enteric
coatings. The enteric coating layer can optiopally 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
shecinate, polyethylene glycol (PHG) or similar plasticizers.
The amount of plasticizer is usually optimized for each
enteric coating polymer(s) and is usually in the range of
1-50% of the enteric coating polymer(s), Dispersants soch
as tale, 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 especially at least 6.0%. The
upper amount of the applied enteric coating is sormally 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 formulation according to the invention consists
of core material containing magnesium omeprazele 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 enhance 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 o 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 either an enteric coated tablet or
capsule o 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 colorani(s).
It is essential for the long term stability during storage that
the water content of the final dosage form containing mag-
nesinm omeprazole (enteric coated tablets, capsules, gran-
ules or pellets) is kept low.

Process

A process for the manufacture of a dosage form according
to the present invention represents a further aspect of the
invention. After the forming of the core material, said
material is fivst coated with the separeting layer(s) and then
with the enteric coating layer(s). The coating(s) are carried
out s described above. Further another aspect of the inven-
tion is that the pharmacentical processes can be completely
water-based.

The preparation according to the invention is especially
advantageous 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
factors such as the individaal requirements of the patients,
the mode of administration and the disease, Tn general the
daity dose will be in the range of 1-4({} mg of omeprazole.

The invention is illustrated in detail by the following
examples. Example 1 discloses the preparation of the novel
magnesiltn omeprazole product, which product is suitable
in masufacturing of the pharmaceutical formrlations
according to the present invention. Example 2 discloses
compositions of different enteric coated tablets containing
magnesium omepxazole and resnlts 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 relzase rate of omeprazole, Example 4 discloses
ap cnteric coated pellet formulation.

HXAMPLES

The following detailed Example 1 will serve to filusteate
a process for manufacturing the magnesium omeprazole,
which will be used in the pharmacentical preparations
according to the present ipvention.

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 magnesiam was added to the vessel and
immediately thereafter 1,0 Liter of CH,ClL,. The reactor was
heated to 40° C. and kept at this temperatare 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 L of methanol were
evaporated under vacoum and the inorganic solid salt was
separated from the liguid first by centrifugation and then by
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filration. The liguid was heated to 10° C. and the Hquid was
seeded with magnesium omeprazole crystals whereafter the
magnesium omeprazole sait was precipitated by addition of
900 L of water. The mixture was then cooled to 59 C, After
the crystallization had been completed the reagnesium ome-
prazole crystals were centrifuged off and then washed with
a mizxture of 50 L of methanol and 150 L of water. The
produced magresium omeprazole was dried nnder redaced
pressure finally producing 92,5 kg of crystalline product
comesponding to a yield of 81,4%.

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

Example 2
Tablet formulations containing magnesium omeprazole.

10

8
Teblet Strength Acid resistanes
(mg} (%)
10 93 (93-58)
20 100 (94~102)
40 100 (95103

Investigation of In-Vitro Dissolution

After exposure to acid environment, pH 1.2, as described
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 ciepragole o 0 40
Ingredtient (mgtabl)  (mgfabl}  (mg/tabl)
Tablet core

Magnesium cmeprazcle 1.2 25 450
Mannstol 687 574 49
Micrccrystalline celfulose 5.0 250 250
Sodiute: statch ghycolate 5.0 &0 60
Hydroxypropyl methylcelluloss 6.0 60 60
Tak 5.0 50 30
Sodinm steary! fumarate 2.5 2.5 x5
Water purified 50.0 500 500
Sub-coating fayer

Hydroxypropyl methyleeliuloss 37 37 33
Hydmogen peroxide 30% 004 004 a6
Water purified 340 340 340
Fnteric conting layer

Miethacrylic scid copolymer %1 9.1 §.1
Folyethylene glycol 10 1.0 10
Titznimm dioxide 682 L1 51
Colonr fnos oxide, red-brown 004 .13 0.43
Colour iren oxide, yellow 002 — —
Water purificd 450 450 450
Polish

Parafin powder 045 0.05 045

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, hydroxyprepyl
methyicellulose, microcrystalline cellulose and sodium
starch glycolate are dry-mixed, rooistened with water and
wet mixed. The wet mass is dried and milled and finally
mixed with aati-adherent and Inbricant 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 hydroxypropy!l methyleeliulose 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 amourt of omeprazole is taken as acid
resistance,
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Tablet Dissolved amount of omeprazole (%} after (minutes)

Strength 0 5 10 15 2 25 30
(wg) (W) (%) (W) (% (F  #H) (%)
10 o 78 92 =R -
20 0 o 78 ] % 96 97
40 o ¢ 7 1 91 9

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

Exampie 3

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

The eomposition of the tablets is the same as in Bxample
2 {20 mg omeprazole). The tablets {n=6} have been exposed
in an astificial gastric juice (pH 1.2) during 2 hours and then
analysed for remaining amount of omeprazole (acid
resistance). The relcase of omeprazole was analysed on
tablets (n=0) pre-exposed in gastric juice 2 hrs and thereafter
exposed in a buffer solution (pH 6.8) during 30 min,

Enteric cozting  Acid resistance Release
(% weight per (% residoe after (% after 30 mmin;
Bxperiment™ tablety 2h pH 1.2) oH 6.8)
A 3 101 (98-105) 94 (03.96)
B 1 100 (98-102) 95 (85-98)
C 16 98 (96-100)
A manufactured i large scale
B manufactured I piiot soale

C manufactured in laboratory seale

Exampie 4

Enteric coated pellet formulation containing magnesinm
omeprazole.

Peliet core

Magnesiurn omeprazole 225 g
Mannitol 1425 g
Hydroxypropyl cellulose 60 g
Microcrystaliine cellulose 40 g
Tactose snbydrous 80 g
Sodium lauryl sulphate 5 g
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-contipned
Disodium hydrogen phosphate 8z
dilydrate
Water purified 350 g
Subeoating fayer (I
Hydroxypropy! methylcellolose 70 g
Water purified 1450 g
Enteric-coating layer (II)
Methacrylic acid copolymer 4% g
Polyethylane glycol 40 g
‘Water purified 1890 g
Polish
Magnesium stearate 5g

‘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 throogh an extruder and the
granules were ‘converted to spherical form in a spheronizer.
The pellets were dried and classified into suitable particle
size ranges, e.g. 0.5-1.5 mm.

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

The polymer dispersion (If) was sprayed on the subcoated
pellets in a fuidized bed apparatus. The enteric-coated
pellets were classified, polishing material was admixed and
the pellets were filed into hard gelatin capsules in an amount
corresponding to 20 mg of omeprazole, using a capsule
flling machine.

Biopharmaceutical Tests

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

We claim:

1. A stable oral forreulation comprising:

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

a subcoating layer; and

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

2. A formulation according to claim 1, whersin the

formulation is a tablet formulation.

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

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

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

6. Aformulation according to claim 1, wherein the enteric
coating constitotes from 1.0% by weight of the weight of the
core material.
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7. A formmlation according to claim 6, wherein the enteric
coating constitutes at Jeast 3.0% by weight of the weight of
the core material.

8. A formuiation according to ¢laim 1 wherein the sub-
coating layer(s) comaprise polymeric, fiknforming com-
pounds or tablet excipients which are soluble or inscluble
but disintegrating in water, and optionally containing
pH-buffering, alkaline compounds,

9. A formuiation 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.

0. A process for the manufacture of a formulation of a
pharmacentical composition for the oral administration of
magnesium omeprazole comprising the steps of:

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

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

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

11 A process according to claim 10, wherein the sub-
coating layer(s) is applied on the core material by a dry-
coating process.

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

13. The oral forrmlation according to any one of the claim
1, 4-7 ar 9 whercin the enteric coating comprises more than
one layer.

14. The oral formulation according to claim I wherein the
crystalline magnesium omeprazole has a mean mags particle
size diameter of less than 30 pm.

135. The oral formulation according to claim. 1 wherein the
crystalline magnesiam omeprazole has a hygroscopicity of
less thap 2% by weight.

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

¥7. A method for inhibiting gastric acid secretion in
mammals and man by administering 1o a host in need thereof
a therapeutically effective dose of an enteric coated formu-
lation according to any of claims Tto 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 therapsutically 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.

26. 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 18.

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

L A
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OMEPRAZOLE MAGNESIUM SALT FORM

This is a 371 of PCT/SES4/00630 filed Jul. 8, 1994, now
WO 95/01977.

FIELD OF THE INVENTION

The present invention relates to 2 novel process for
manufachiring the magnesium salt of omeprazole; the mag-
nesium salt of omeprazole in a novel physical form, espe-
cially the magnesium salt as a produet of the novel process;
the use of the novel form of the magnesium salt of ome-
prazole in the manufacture of pharmaceutical formulations;
and to the use of the novel form of the magnesivm salt of
omeprazole in medicine.

BACKGROUND OF THE INVENTION

The compound known under the generic name omepra-
zole is described i4. in Evropean palent specification
0005129,

Omeprazole is useful for inhibiting gasiric acid secretion
and has gastric mucosa protective activity in mammals and
man. In 2 more general sense, omeprazole may be used for
prevention and treatment of gastric acid related disorders
and gastrointestinal iInflammatory diseases in mammal and
mat, including e.g. gastritis, gastric vlcer and duodenal
ulecer.

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 salts of omeprazole are described in European
patent specification 0124465, In said patent specification the
reguir¢ments and importance regarding storage stability of
pharmaceutical preparations are emphasized. Salts possess-
fng superior propertics with regard ia. to storage stability
are described in the said Buropean patent specification. In EP
0124495, examples 5 and 6 disclose the synthesis of a
magnesium salt of omeprazole.

The isolation and purification in full masufactaring 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
atiractive in full scale production. Performing the process
without crystallization of the magnesivm omeprazole gives
2 product which is less suitable as a pharmaceutical sub-
stance.

In order 10 use the magnesivm salt of omeprazole, in this
specification deaoted magnesium omeprazole, in full manu-
facturing scale in preparing pharmaceutical formulations
primarily for oral administration, such as tablets, it is
necessary that said magnesium omeprazole possesses a
combination of properties which makes such full scale
manufacturieg feasible. One ohiject 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 1o 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 propertics of the novel
magaesium omeprazole product of the present invention
with respect to the degree of crystallinity, particle diameter,
density, hygroscopicity, water content and content of other
sofvents are favorable and permit the manufacture of mag-
nesium omeprazole in a form which possesses the desired
properties.

The provel form of magnesium orseprazole 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 suppositorics.

The invention

We now provide a novel form of the magnesivm salt of
omeprazole exhibiting the desired combination of physical
propertics. 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 mannfacture 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.

1t has been found that the following property is significant
io obtain such product:

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

propertics;

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

c) Density between 1.33 g/em® and 1.35 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 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 fess than 0.1% preferabiy less
thar 0.05% by weight as determined by gas
chromatography, in cas¢ methanol is used as sclvent.

In a further aspeet, the inveation also relates to a process
for manufactaring the novel form of magnesium cmepra-
zole. This process is described in more detail below.

The invention relates 1o all of the aspects given under
Field of the invention.

The process for producing the novel form of magpesium
omeprazole is characlerized by the following consecutive
steps

a) lreating omeprazole or a salt thereof with magnesium
alcoholate i a solution

b} separating inorganic saits from the reaction mixture

<) crystallizing magpesivm omeprazole

d} isolating the obtained crystalline magnesivm omepra-
zole and, optionaliy,

©) purifying and drying the crystalline magnesium cme-
prazole using conventional methods,

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

Alower alcohol, such as methanol, ethanol, n-propanol or
iso-propanol, preferably methanol, is treated in 2 solution of
polar solvents with a weighed zmount of magnesiem at
tempceratures between O° C. and reflux temperature. The
temperature should preferably be between 10 and 30° C.
Adfter addition of the magnesium to the solution the tem-
perature can, in a second step be raised further to between
0° C. and reflux femperature, preferably 20-50° C. After
termination of the reaction the temperature is reduced to
0-40° C., preferably 10-25° C. Omeprazole or 2 salt of
omeprazole is then added to the solution and after termina-
ton of the reaction the mixture is cooled to ~10° C. o +20°
C., preferably -5° C. 10 +5° C. The solvent is then evapo-
rated to 40-60% cof the initial volume, which makes the
inorganic salis precipitate. The precipitate is separated from
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the reaction solution for example by centrifugation or fil-
fration amd the solution is heated to 5° C. 1o 30°
whereafter the solution is seeded with magnesinm omepra-
zole erystals. An amount of water, which is approximately
equal to the volume of the solution, is added to start the
crystailization. The solution is cooled to -10 to +20° C,,
preferably 0-10° C. to complete the crystalization. The
crystals are then separated from the mother liquid for
example by centrifugation or Bliration and washed with
polar solvents preferably an agqueous lower alcohol such es
aqueons 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 earlier known processes in

that the product is recovered after a controlled crystallization

step in agqueous 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
mere stable to decomposition from upiake 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 vield
than the processes hitherto known.

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

EXAMPLE 1

A reactor was filed 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 thereatter 1,0 liter of CH,CL,. The reactor was
healed 1o 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 methanel 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 crysials were centrifuged off and then washed with
a mixture of 50 | of methanol and 150 | of water. The
produced magnesium omeprazole was dried under reduced
pressure finally producing 92,5 kg of crystalline product
corrssponding 1o a yvield of 81,4%.

The novel form of the magnesinm salt of cmeprazole
according to Exampic 1 possesses the following propertics:

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 pm as determined by laser diffraction technique.

¢) Density of 1.342 g/em® as determined by powder
pycoomeler.

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 8.006% by weight as deter-
mined by gas chromatography.
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A comparison between two different sampies of the novel
form of magaesium 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 treatrent of sodium omeprazole with MgClL,.

FIG. 1 shows in diagram 1 that the particle size measured
a5 meaa mass diameter of the product of method A is 19 pym
which is smaller than the corresponding particle size for the
products of method B which is 25 um and of method C
which is greaier than 600 um.

FIG, 2 shows in diagram 2 that the degree of crystallinity
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 Bgure of sample C, which 67%.

What is claimed Is:

1. An omeprazole magunesivm salt baving a degree of
crysiallinity which is higher than 70% as determined by
x~ray powder diffraction.

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

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

4. The omeprazole magnaesium sall according to claim 1
wherein the density is between 1.33 g/om® and 1.35 g/em®
as determined by powder pycnometer.

5. The omeprazole magnesium szlt 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 magoesiuvm 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 magnesivm salt according 1o claim 1
having a seclvent content Jess than 0.05% by weight of
selvent as delermined by gas chromatography.

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

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

10. The omeprazole magnesium salt according ta 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. Aprocess for the manufacture of magnesium omepra-
zole according to claim 1 comprising in consecutive steps

a) treating omeprazole or salt thercof with magnesium

alcohiolate 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 magnesium omepra-
7ole.
12. A process according to claim 11 wherein the magne-
sium alcobolate 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 accerding 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 crystaliine magpesinm
omeprazole,

17. A process according to claim 16 wherein the parifi-
cation of the magnesium 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 pressuze.

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, (2) treating omeprazole or a salt
thereof with magnesium alcoholate in 2 solution, (b) crys-

H

15

6

tallizing magnesivm cmeprazole and (c) isolating the
abtained crystalline magnresium omeprazole, wherein the
improved process comprises separaling inorganic salts from
the reaction mixture prior 1o the erystallization step by the
addition of water.

21. A method for inhibiting gastric acid secretion in
mamrsals 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 emeprazole according to any of claims 1 to 4,
6-8 and 10.
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[571 ABSTRACT

The present invention describes an improved process for the
preparation, isolation, and parification of the anti-ulcer agent
omeprazole whereby the sulfide precursor pyrmetazole is
reacted subsurfacely with exactly one molar equivalent of
meta-chloroperoxybenzoic acid i methylene chioride or
tolsene sokfution; residual organic solvent is removed from
the aqueous layer by vacuum distillation; crude product is
obtained by reactive crystallization with an alkyl formate
and seeding; and pure product is isolated by recrysiallization
in methanol-water containing aqueous NaOH by subsurface
addition of aqueous acetic acid to pH 9.0, seeding, filtration,
washing, and drying. Compositions of omeprazole contain-
ing no chromatographically detectable levels of residual
non-alecholic organic reaction solvent are also described.

8 Chiims, No Drawings
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OMEPRAZOLE PROCESS AND
COMPOSITIONS THEREOF

CROSS-REFERENCE TO RELATED APPLICATIONS

This application is a divisional of Ser. No, 09/169,231,
filed Oct. 9, 1998, which in turn is related to U.S. provisional
apptication Ser. No. 60/096,037 filed Aug, 11, 1998, (he
contents of which are hereby incorporated by reference.

FIELD OF THE INVENTION

The present invention provides a novel improved process
for the preparation, isolation, and purification of the anti-
ufcer agent omeprazole. Compositions of omeprazole con-
taining no chromatographicaily detectable levels of residual
non-aleoholic organic reaction sobvent are also disclosed.

BACKGROUND OF THE INVENTION

Omeprazole, the generic name for S-methoxy-2-{[4-
methoxy-3,5-dimethy}-2-pyridinylymethyl Jsulfinyl}- 1 H-
benzirzidazole (denoted as Formula I below) s a well-
described gastrie proton-pumg inhibitor and is on the markes
as LOSEC® or PRILOSEC® for the treatment of gastric and
duodenal ulcers, gastritis, duodenitis, and reflux esophagitis
{sce Merck Index, 12th Ed., entry 6977, and references cited
thersin). Omeprazole is commercially prepared via a multi-
step sequence, the last step of which is oxidation of the
sulfide iniermediate, 5-methoxy-2-[{4-methoxy-3,5-
dimelhyi-z—pyridiuyl)mcthyl]melhylihio]-ii-i-
benzimidazole (denoted as Formula 11 below), known
generically as pyrmetazole, which is typically effected with
& pefoxy acid, such as mela-chloroperoxybenzoic acid
(hereinafter referred 1o as MCPBA) (US. Pat. Nos. 4,255,
431 and 5,386,032), magnesium monoperoxyphthalate
(MMPP) (U.S. Pat. No. 5,391,752), or peroxyzcetic acid
(WO 98/09962), in a suitable non-alcoholic orgartic reaction
solvent. The preferred oxidizing agent is usually MCPBA,
and suitable non-alcoholic organic reaction solvents include
aromatic hydrocarbon solvents, such as benzene and
toluene, and chloripated aliphatic hydrocarbon solvents,
such as chloroform and raethylene chloride, in admixture
with an alcobolic soivent, such as methanol, ethapol,
isopropanol, or 1-butanol. The preferred mon-alcoholic
organic reaction solvents are usually methylene chloride and
toluene, and the preferred alcoholic solvent is ethanol,

Prior processes to omeprazole have numerous disadvan-
tages that limit both the yield and the purity of the final
product.

A significant drawback of such prior methods is incom-
plete oxidative conversion of pyrmelazole into omeprazole
as well as non-chemoselective oxidation. Two aspedts of
chemoselectivity are important in the oxidation of pyrmeta-
zole. First, pyrmetazole contains two tertiary amino groups
which can compete with the sulfide group for the oxidizing
agent. Although these amino groups are less reactive than
the desired sulfide, they can nevertheless underge quantita-
tive oxidation with MCPBA below ambient temperature.
Second, the product omeprazole (a sulfoxids) can also react
with MCPBA to form a sulfone by-product. Non-
chemoselectivity and over-oxidation, characteristic of the
previous methods, arise from ineffective control over the
amount of the oxidizing agent as weil as the manner in
which the oxidizing agent is charged into the reaction vessel,
Prior metheds do not use accurately determined amousts of
the oxidizing agent and do not provide for careful control of
its addition to the reaction mixture, Non-chemoselective,
over-, and under-oxidation all contribute to high impuritics
and loss of vield of the final desired product.
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Another disadvantage of prior procedures is the consid-
erable loss of product in the purification and isolatioa steps
due to selubility of omeprazole in the mother liquors and
sclvent washes.

A further drawback concerns diminished product quality
resulting from occlusion of residual solvents and reaction
by-products during the crystallization steps. It is desirable to
eliminate residual levels of orgaaic reaction solvent and
recrystallization solvent impurities in the final crystalline
product for toxicity/safety reasons.

1tis therefore an object of the present invention to provide
an improved process {or the preparation, purification, and
isolation of omeprazole that overcomes the yield and prod-
uct purity limitations of prior methods.

It is also an object of the invention to provide COTnposi-
tions of omeprazole having lower leveis of residual non-
aleoholic orgaric reaction solvent after the initial crude
reactive crystallization step,

It is a further object of the present invention 1o provide
final compositions of omeprazole that contain ne residual
non-aleoholic organic reaction solvent within the limits of
chromatographic detection and less than 20 ppam. of
residual erystallization solvent,

SUMMARY OF THE INVENTION

‘The present invention provides an jmproved proecess [or
the preparation, purificatioz, and isolation of omeprazole of
the Formula 1.

The last chemical transformation in the preparation of
omeprazole is the oxidative conversion of the sulfide inter-
mediate pyrmetazole of the Formula I into its sulfoxide
derivative omeprazole of the Farmula I

» OCH;,

it

oxidizing agenl,
toluene or CHyClp/ethanol

OCH,

In one embodiment of the improved process, the oxidiz-
ing agent is meta-chloroperoxybenzoic acid (MCPBA), and
the non-alcoholic organic reaction solvent is methyiene
chioride or toluene in admixture with an alcoholic solvent,
such as methanol, ethanol, isopropanol, or I-butanol, in
particular, cthanol. In this embodiment, the completeness
and chemoselectivity of the exidation have been optimized
by carcful control of the amouat of MCPRA charged 1o the
reaction vessel The use of one molar equivalent of MCPBA
telative to the number of moles of pyrmetazole prevents
non-chemoselective, over-, and undes-oxidation resulting in
fewer impurities and higher yields. In another embodiment
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of the present invention, the concentration of MCPBAin the
charging solution is calcelated using 2 novel analytical
method based upon MCPBA oxidation of
3-methylisoquinoiine to its N-oxide derivative and subse-
qusnt HPLC guantilation. Without this assey there exisis no
practical way to avoid either aover-oxidation or incomplete
conversion of pyrmetazole into omeprazole.

In a further embodiment of the present inveation, control
over localized over-oxidation is achieved by subsurface
addition of MCPBA, providing for entry of the oxidizing
solution into the reaction vessel at the tip of the agitator
blades, wilh simultaneous contro! of the reaction tempera-
wre, Incorporation of these novel features into the process
ensures complete conversion of pyrmetazole into omepra-
zole with no formation of sulfone by-producis.

In another embodiment of the present invention, the
isolation of the crude product has been improved by vacaum
distillation of the crude aqueous phase after extraction of the
reaction mixture prior to crystallization to remove most of
the entrained methylene chlaride or toluene from the oxi-
dation step. The alcoholic solvent, in particular ethanol,
conesatration is re-adjusted in order to promote good crystal
growlh during the crede crystallization step. The crysiadli-
zation step involves a two-stage neutralization with a Cis
alkyl formate, preferably methyl formate, whick is added
subsurfacely through a diptube located near and dirscted
perpendicular to the impefler tip. This mode of addition of
the methy] formate ensures rapid dispersion of the neutral-
izing agent, which promotes crystal growth over spontane-
ous nucleation. In so doing, occlusion of mother liquors in
the crystals is minimized. Lowering the concentration of
ammonia, relative to thar used in prior procedures, in the
ammonia-waler wash, necessary 10 remove cojor impurities
in the crude product, provides for further improvement i the
yield of omeprazole.

A further embodiment of the present invention concerns
the final purification step. A methanol-water mixture is used
for the crystallization step which is initiated by subsurface
addition of aqueous acetic acid and subsequent seeding with
omeprazole. The same methanol-water mixture is employed
&s a displacement wash to remove mother liquors and
dissolved impurities while suppressing sofubility losses. In
this fashion, sigaificant yicld improvements are obtained
with 1o adverse impact on product quality.

Crystalline omeprazole is thus obtained with significant
improvement in vieid and purity. The isolated material
contains no chromatographicaily detectable levels of
residual non-alcokolic organic reaction solvent and less than
20 p.p.m. of residual methanol as the crystailization solvent.

BRIEF DESCRIPTION OF THE DRAWINGS

Not Applicable

DETAILED DESCRIPTION QF THE
INVENTION

The instant invention refates 10 aa improved process for
the preparation, purification, and isolation of the proton-
pump inhibitor omeprazole znd fo novel compaositions
thereof. Ormeprazole, having formula I, is prepated by
reacting a solution of pyrmetazole, having Formula II,
cooled to about =5 to +5° C. and buffered 10 a pH of about
Stoes,

OCH,

OCH,

20

with cne molar equivaient of an oxidizing agent, relative to
the number of meles of pyrmetazole, dissolved in a non-
alcoholic organic reaction solvent in admixture with an
aleoholic solvent. The alcoholic solvent is selected from
methapol, ethanol, isopropanol, and 1-butanol.

In one embadiment of the instant improved process, the
buffered solution comprises potassium bicarbonate, the oxi-
dizing agent is meta-chioroperoxybenzoic acid, end the
non-alecholic erganic reaction solvent is methylene chloride
or toluene, either in admixture with ethanol, The reaction is
carried out suck that both completeness and chemoselectiv-
ity of the oxidation are optimized. Te force the reaction to
proceed in a near quaniitative fashion, it is necessary that
any excess of the oxidizing agent, MCPBA, be minimized.
Henee, the solution containing the oxidizing agent is accu-
Tately assayed so that an exact amount of reagent will be
charged to the reaction vessel. In prior methods, the amount
of MCPBA added was based on the commercial supplier’s
assay number. Since MCPBA solid contains about 15-25%
water for safety reasons, the solid is not homogeneous.
Therefore, the manufacturer can provide ouly the average
assay results of MCPBA. If MCPBA from different contair-
ers and different suppliers is used, an inaccurate charge of
MCPBA will result. A novel analytical method has therefore
been developed to quantify MCPBA in the charging solution
in order to deliver an accurate amount of the oxidizing agent.
According te the assay, an excess amounl of
3-methylisoquineline (II1) is reacted with CPBA in tolueac/
cthanol salution to form 3-methylisoquinoline N-oxide (v,
according (o the equation:

23

36

45

CHs toluene/ErOH/

MeCN

I

55 + MCPBA

=N
II
Ci

=y

60
=N
\O
v

63 The reaction is fast and quantitative. The remaining fertiary
arnine in the reaction mixture is quantitated by reverse-phase

high-performance liquid chromatography (RP-HPLC). The
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amoun! of the amine consumed durisg the reaction is used
to calculate the concentration of the MCPBA solutior.

It is also important that no excess oxidizing agent accu-
mulate during addition of the reagent. This is best accom-
plished by subsurface addition of MCPBA, such that the
solution enters the batch through a diptube located near and
directed perpendicular to the agitator blades. This mode of
addition provides for immediate dispersion of the oxidant,
thus limiting localized over-oxidation.

Chemoselectivity and extenl of oxidation are also
enhapced by controlling the reaction temperature without
crystallization of the oxidizing agent. The optimum tem-
perature range is abowt 0-5° C. for the solutiop of the
oxidizing agent and about -5 1o +5° C. for the reaction
mixture throughout the addition process. Higher tempera-
tures of either the MCPBA solution or the reaction mixture
will result in some sulfone formation. Likewise, much lower
temperatures temporarily suppress the oxidation reaction,
which results in a localized accumulation of the oxidizing a
gent that can lead to over-oxidation products.

After addition of the solution containing the oxidizing
gent, agueous base, for example 50% NaOH or KOH, is
added, the solution allowed to age for about 0.5~1.0 hours
at 0-5° C., and the aqueous phase separated from the organic
phase. To minimize residual levels of the non-alcchelic
erganic reaction solvent, in particular toluene or methylene
chlorids, ia the crude product, which translates into higher
levels of volatile non-aicoholic argagic reaction solvent in
the pure product, it is important {0 remove as much entrained
twluene or methylene chloride as possible from the crude
aqueous phase. The source of residual toluene or methylene
chioride is an emuision that forms when the erude batch is
extracted from toluene or methylene chloride with aqueous
base. Removal of residual solvent may be accomplished by
vacuurn distillation of the agueous phase at a pressure of
about 2570 mm Hg and temperature of about 15-35° C. for
about 1-4 hours. In further exemplification, the distilkation
is carried out at about 50 mm Hg and about 15° C. for 2
hours. The vacuum distiliation procedure reduces the pre-
crystallizaticn fevels of toluene or methylenc chloride to less
than 400 p.p.m. Other options to break up the emulsion and
effect better phase separation are less efective; these include
filtratior of the crude aqueous phase through a bed of
Celite™, increasing the settling time, and addition of a
sirong ¢lectrofyte,

Since the distillation process also results in removal of the
aicohol, in particelar ethanol, its concentration must be
re-adjusted to approximeately 15%, in order to facilitate
crystal growth during the crde crystallization process. A
lower level of the alcoholic solvent, in particular ethanol,
produces finer crystals which are more likely to dissolve
during subsequent washes thereby diminishing yields of the
crude product.

At this point, the reactive crystaliization of omeprazole is
initiated and maintained under controlled conditions.
Approximately 40% of a C, ;-alkyl formate charge, prefer-
ably methyl formate, is added over the first 30 minutes to
bring the batch from a pH of about 13.5 10 near supersatu-
ration at a pH of about 10.6 to 10.8. The methyl formate
addition is accomplished through a diptube which is nar-
rowed at cne end to create a fine stream and which is located
near and perpendicular o the impeller tip. This technique
ensures rapid dispersion of the methyl formate so that
ecclusion of impurities is minimized. When a pH of about
10.6-10.8 is attained, the methyl formate addition is
discontinued, and the batch is aged for ten to twenty minutes
to allow the temperature to cool fo approximately 20° C.

i6

20

25

3G

35

40

55

6

prior to seeding. It is important to seed between pH 10.6 and
10.8. Below 10.6 spontancous nucleation will occur with
little crystal growth, if a sufficient seed bed is not present.
Seeding is effected with pure, milled omeprazole {106% by
HPLC), and the rest of the methy! formate is added subsur-
facely over 6~8 hours to adjust the pH to about $.0-9.3, This
crystallization procedure improves both the yield and purity
of the product. Without being held to a specific mechanism,
il is beligved that the purity enhancement is mainly due to
preventing occlusion of mother liguors by promoting crystal
growth over nucleation. Crude omeprazole at this stage
contains less than 100 p.p.m. of residual toluenc or meth-
ylene chloride, as determined by gas-Fquid chromatographic
analysis,

The crude crystallized product is then filtered, washed
with 8.01-1.0%, preferably 0.1%, ammonia-water, and then
methanol.

The crude wet omeprazole is then purified by dissolving
il in 2:1-0.5-1 (v/v) methanol-waler solution containing
agueous base, preferably 50% NaOH or KOH, at 20° ¢,
cooling the basic selution to about 0-5° C., reducing the pH
from »11.0 to approximaiely 10.5 by subsurface addition
through a narrowed end diptube (configuration of apparatus
same as in crude isolation step) of aqueous acetic acid,
preferably 25% agueous acetic acid, over a 30-minute
period, while maintaining the temperature at 0-5° C. At this
point the baich is seeded with pure omeprazole {100% by
HPLC), and the subsurface addition of 25% agueous acetic
acid is continued over a 2—4 hour period until a pH of about
9.0 is attained. The baich is then aged for 0.5-1.0, preferably
0.5, hours, Following the aging period, the product is
filtered, washed with the same methanol-water mixiure to
displace the mother liquors containing the impurities, and
finally with cold methanol. Pure omeprazole is obtained
after vacuum drying with a nitrogen purge at 30-50 mm Hg
and 30-35° C.

The optimal methanol-water ratio in this final purification
step is 1:1. Previous methods used a higher methanol 1o
waler ratio. Lowering the proportion of methano! in the
solvent mixture used in the displacement wash minimizes
solubility losses and provides the purification demands,
thereby improving the yicld of the final product without
compromising product guakity.

Crystalline omeprazole obtained using the improved pro-
cess of the instant invention has an HPLC purity of 100%
with no detectable levels of entrained residual toluene or
methylene chioride from the crude step as measured by
gas-liquid chromatography, the delection limil being 3
p-p-m. Prior methods kave afforded omeprazole containing
30-100 p.p.m. of residual non-aleoholic organic reaction
solvent, namely tolusne or methylene chloride. The pure
product contains less than 20 p.p.m. of residual methanol as
the crystallization solvent,

For the preparation of pharmaceutical compositions in the
form of dosage units for oral administration, emeprazole
prepared according to the process of the present invention
may be mixed with 2 solid, pulverulent carrier, such as
lactose, saccharose, sorbital, mannitol, starch, amylopectin,
cellulose derivatives or gelatin, as well as an antifriction
agent such as magnesivm stearate, calcium stearats, and
polyethyieneglycol waxes. The mixture is then pressed into
tablets. If coated tablets are desired, the above-prepared core
may be coated with 2 conceatrated solution of sugar, which
may contain gum arabic, gelaiin, tale, titanizm dioxide, or
with a lacquer dissolved in volatile organic solvent or
mixture of solverts. To this coating various dyes may be
added in order to distinguish among tablets with different
amounts of active compound present,
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Soft gelatin capsules may be prepared which contain 2
mixture of pure omeprazole prepared according to the
process of the present invention and vegetable oil. Hard
gelatin capsules may contain granuies of the active com-
pound in combination with a solid, pulverulent carrier, such
as lactose, saccharose, sorhitol, manaitol, potato starch, corn
starch, amylopectin, cellulose derivatives, or gelatin.

Pharmaccutical tablets for oral usc are prepared in the
following manner. The solid substances are ground or sieved
to a certain particle size, and the binding sgent is homog-
enized and suspended in a suitable solvent. The solid ome-
prazole prepared according to the process of the present
invention and auxiliary agents are mixed with the binding
agent solution. The resulting mixture is moistened to form a
uniform suspension having the consistency of wet snow. The
moistening causes the particles to aggregate shightly, and the
resulling mass is pressed through a stainless stee] sieve
having a mesh size of about 1 millimeter, The layers of the
mixture are dried in carefully controlled drying cabinets for
approximately ten hours to obtain the desired particle size
and consistcncy. The gracules of the dried mixture are
sieved to remove any powder. To this mixture,
disintegrating, antifriction, and antiadhesive agenis are
added. Finally, the mixture js pressed into tablets using a
machine with the appropriate puaches and dies to obtain the
desired tablet size. The pressure applicd afects the size of
the tablet, its strength and ability to dissolve in water, The
compression pressure used should be in the range of 0.5 to
5 tons, The tablets, especially those which are rough or
bitter, may be coated with 2 layer of sugar or some other
palatable substance. They arc then packaged by machines
kaving electronic counting devices.

The following examples illustrate the process of the
present Invention and are not intended to limit the scope of
the invention set forth in the claims appended thercto,

EXAMPLE 1

HPLC Assay of MCPBA Chargiag Solution

Step A. HPLC Operating Parameters

High-performance liquid chromatography was performed
using a Waters pBondapak C-18 column {4.6x300 mum, 10
4m particle size} with the following additional parameters:
Mobile phase: A=acetonitrile; B=0.1% H,PO,
Mode: isocratic 25%A/75%R8 at a flow rate of 1.0 mT/min
Injection size: 10 ul
Detector wavelength: 254 nm
Run time: 32 min.
Method of quantifation: Area by electzonic integration
Approximaie retention limes: 3-methylisoquinoline: 3.5

mins.

3-methylisoquinoline N-oxide: 5.7 mins.

MCPBA: 11.4 mins.

Teluene: 25.1 nns.

Step B. Reagents
Acetonitrife (MeCN): HPLC Grade
Water: HPLC Grade
Phosphoric Acid: HPLC Grade
3-Methylisoquinoline: 98%

Sample Diluent: 30/50 (MeCN/D.1% HLPOY)

Step C. Preparation of 3-Methylisoguinolize Standard
2025 mg of 3-methylisoquinoline (98%) was transferred
inte 2 10 mL volsmetric flask and dissolved in 1.0 mL of
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MeCN. 1.0 mL of MCPBA after warming 1o room termpera-
ture was carefully pipetted into the ask, and the sides of the
Hask were washed with 1.0 mL of McCN. The flask was then
wrapped with parafiim and sonicated for 5 minutes. After
cooling, the sides of the flask were washed with 1.0 mI of
MeCN and the flask senicated for an additional minute. The
mixlure was carefuily diluted to the mark with acetonitrile.
1.0 mL of this solution was transferred by pipet to a 25-ml.
volumetric flask and diluted to the mark with the sample
diluent from Step B.
Step D. Procedures

The HPLC system was equitibrated for at least 10 minutes
at the mobile phase condition given in Step A. Fhe standard
preparation from Step C was injected twice, and the average
area response for the 3-methylisoquinoline peaks should
agree within +1% of their average. The sample preparation
was injected once,
Step E. Calculations

The concentration (mg/mL) of the MCPBA solution was
calculated using the following equation:

172.57
mg/ml. of MCPBA solution = {w— (A As}x Cs % 250) X FYeRT
where:

A=area tesponse of the 3-methylisoquinoline for the
Sample Solution

B=weight (mg} of the 3-methylisoguinoline in the Sample
Preparation

As=average arez Tesponse of the 3-methylisoquinoline for
the Standard Solution

CUs=concentration of the 3-methylisoquincline Standard
Preparation

172.57=formula weight for 3-methylisoguinotine

143.1%=formaia weight for MCPBA

As an illustration of the assay, an MCPBA sample from
Spectrum (Lot# LEQ102, 72.7% MCPBA) was assayed, amxd
a value of 72.8% (wi. %) for MCPBA was obtained.

EXAMPLE 2

Preparatios of Omeprazole with Methyleno
Chloride as Solvent

A solution of potassium bicarbonate (14.0 g, 0.140 mot,
1.2 equivalents) in deionized waier {115 ml) was added to
a solution of pyrmetazole (0.114 mol) in methylene chloride
{170 mL) in a one-liter, three-necked round-bottom flask,
and the mixture was cooled to 0° C. A solution of meta-
chloroperoxybenzoic acid (MCPBA) (28 g, 0.114 mel, 1.0
equivalent) in methylene chloride (51 mL) and ethanol (133
ml.) was prepared and assayed by the 3-methylisoquinaline/
HPLC procedure desczibed in Example 1 1o ensure that
exactly one molar equivalent of MCPBA is used. The
solution is then cooled between (5° €. and added, subsur-
facely directed at the tip of the impeller, o the rapidly
agitated sofution of pyrmetazole over a 2-hour period. The
oxidation conversion was 99.8% with no over-oxidation to
sullone or N-oxides, as delermined by HPLC analysis, Cold
deionized water (115 ml,, 5° ) and 50% NaOH {15 mL)
were then added to the reaction mixture, The solution was
aliowed 1o stapd at 0-5° C. for thirty minutes and the phases
separated. The methylene chloride layer was discarded and
the aqueous layer concentrated under vacuum (58 mm Hg)
for 2 hours at 15° C. to remove the bulk of the residual
methylene chloride. The ethanol level was then re-adjusted
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o 15% v/v. At this point the residual methylene chioride
level was less than 200 p.p.m., as determined by gas-Hquid
chromatographic analysis.

The crude product was then isolated by reactive crystal-
lization by subsurface addition of mcthyl formate. Approxi-
mately 40% of the methyl formate charge (approximately 6
mlL} was added during the first thirty minutes to adjust the
pH from zbout 13.5 to 10.8. The mixture was allowed to
stand for about twenty minuies to allow the intemal tem-
perature to cool back down to approximately 20° C. The
mixture was seeded with pure omeprazole (0.5 g), and the
remainder of the methyl formate (approximately ¢ mL) was
added subsurfacely over a 7-hour period to a pH of 9.0. The
crude product was filtered, washed with 0.1% ammonia-
water {50 mL) followed by methanol (40 mL}).

The erude product was dissolved in 1:1 methanel-water
(270 mL) and 50% NaOH (4 mL) in a 500-mL., three-
necked, round-bottomed flask at 20° C. The solution was
then cooled to 0-5% C. and the pH adjusted from >11.0 to
approximately 10.5 by subsurface addition of 25% acetic
acid over a 30-minute period, maintaining the temperature at
5° C. The baich was sceded with pure omeprazole (0.5 g),
and the subsurface addition of 25% acetic acid was contin-
ued over a 4-hour period until pH 9.6 was achieved. After
thirty mintes, the resulting solid was filtered, washed with
1:1 methanol-water (30 mL), aed fnally with cold {(5° C.)
methanol (3¢ mL). Pure omeprazole {100% as determined
by HPLC analysis) was obtained after vacuum drying (50
mm Hg, 30-35° C.}. The overall yield was 92.7%. The
residual methanol level was 10 ppm, as determined by
gas-liquid chromatography, with no detectable levels of
methylene chloride (detection Hmit of 3 p.p.m.).

EXAMPLE 3
Preparation of Omeprazole with Toluene as Solvent

A solution of potassium bicarbonate (14.0 g, 0.140 mol,
1.2 equivalents} in deionized water (115 mL) was added to
a sclution of pyrmetazole {0.114 moal) in toluene (310 ml.)
in & cne-liter, three-necked round-hottom flask, and the
mixture was cooled to 0° C. Following the bjcarbonate
addition, a solution of meta-chloroperoxybenzoic acid
(0.114 moi, 1 equivalent) in toluene (33 mL) and ethanol (20
mL) was assayed and charged 1o the pyrmetazole solution as
in Example 2. The oxidation conversion was 99.8% with no
over-oxidation to sulfone or N-oxides. Coid deionized water
(145 mk, 5° C.) and 50% NaOH (12 L) were then added
lo the reaction mixture. The solution was allowed o stand at
0-57 C. for thirty minutes and the phases separated. The
toluene layer was discarded and the aqueous layer concen-
trated under vacuum (50 mm Hg) for 2 hours at 15° C. to
remave the bulk of the residval toluene. The ethanol level
was then adjusted 1o 15% v/v. At this point the residual
toluene level was less than 400 p.p.m., as determined by
gas-liguid chromatographic analysis.

The crude product was then isolated by reactive crystal-
lization by subsurface addition of methyl formate as in
Example 2. It was filtered, washed with 0.1% ammonia-
water (50 mL} followed by methanol (40 mL). The wet
cride product was then processed to pure omeprazole as in
Example 2. The overall yield was 93.8% with an HPLC
purity of 1009%. The residual methanol level was 10 ppm, as
determined by gas-liquid chromatography, with no detect-
abie levels of toluene (detection limit 3 p.p.m).

EXAMPLE 4

A pharmaceutical composition containing omeprazole

prepared according to the process of the present invention as

the active ingredient is illustrated In the following formu-
lation.
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Capsules contaiaing 30 mg of omeprazole of the present
invention were prepared from the following ingrediesnis:

Compound of Example 2 or 3 300 grams
Lactose T00 grams
Microcrysiailine cellulose 40 grams
Hydroxypropyl cellulose, low substituted 62 grams
Discdiem hydrogenphosphate 2 grams
Purified water Qb

The omeprazole of Example 2 or 3 was mixed wilk the dry
ingredients and granulated with a solution of disodium
hydrogenphosphate. The wel mass was forced through an
extruder and sphreronized and dried in a fluidized bed dryer.
500 Grams of the pellets were coated with a solwion of
hydroxypropyl methylcellulose (30 grams) in water (750
mL} using a fluidized bed coater. After drying, the pellets
were coated with 2 second coating as follows:

Coating solution:

Hydroxypropyl methylceliniose phthalate 70 grams
Certyl alcohel 4 gramy
Acetone 2060 grams
Ethanal 650 grams

The final coated pellets were filled into capsules.

What is claimed is:

1. A composition comprising 5-methoxy-2-{] 4-methaxy-
3,5-dimethyl-2-pyridinyl)methyllsulfinyl]-1H-
benzimidazole (omeprazole) having less than three parts por
million of residual sromatic hydrocarbon solvent and less
than 20 p.p.m. of residual methanol relative 1o omeprazole.

2. A composition comprising 5-methoxy-2-{4-methoxy-
3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]-1H-
benzimidazole (omeprazole) having less than three parts per
million of residual chlorinated aliphatic hydrocarbon solvent
and less than 20 p.p.m. of residual methano! relative to
omeprazole,

3. The composition according o claim 1 wherein the
aromatic hydrocarbon solvent is toluene.

4. The composition according to claim 2 wherein the
chlorinated aliphatic ydrocarbon solvent is methylene chio-
ride,

3. A pharmaceutical composition comprising 5-methoxy-
2a[{4~meLhoxy~3,5-dimethyl-2-pyrs'dinyi)methyl]suiﬁnyl]—
1H-benzimidazole (omeprazole) having less than three parts
per million of residual aromatic hydrocarben solvent and
less than 20 ppm. of residual methano! relative to
omeprazole, and a pharmaceutically acceptable excipient.

6. A pharmaceutical composition comprising S-methoxy-
2-{[4-methoxy-3,5-dimethyl-2-pyridinylymethyl lsutfinyl]-
1H-benzimidazole omeprazole) having less than threc parts
per million of residual chlorinated aliphatic hydrocarbon
solvent and less than 20 p.p.m. of residual methanoi relative
1o ormeprazole, and a pharmaceutically scceptable excipient.

7. The pharmaceutical composition according to claim 5
wherein the aromatic kydrocarbon solvent is toluene.

8. The phamrsaceutical composition according to claim 6
wherein the chlorinated aliphatic hydrocarbon solvent is
methyiene chloride.



Case 3:08-cv-02165-JAP -TJB Document 1 Filed 04/30/08 Page 34 of 51 PagelD: 34

UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. :6,147,103 Pagelof 1
DATED : November 14, 2000
INVENTOR(S) : Nick Anousis, James W, Mc Manus, Benjamin Newton Banks, Lingwen Zhou

Itis certified that error appears in the above-identified patent and that said Letters Patent is
hereby corrected as shown below:

Claims,

Claim 1,
Lines 4-5, cancel “less than 207 and substitute therefor “10-20".

Claims 2. 5 and 6,
Line 5, in each, cancel “Jess than 207 and substitute therefor “10.207.

Signed and Sealed this

Sixth Day of November, 2001

Tihotos P Lo

Attest:

NICHOLAS P. GODICI
Atesting Officer Acting Director of the United States Patent and Trademark Office




Case 3:08-cv-02165-JAP -TJB Document 1 Filed 04/30/08 Page 35 of 51 PagelD: 35

EXHIBIT D



Case 3:08-cv-02165-JAP -TJB Document 1 Filed 04/30/08 Page 36 of 51 PagelD: 36

A L 0

United States Patent [ 1) Patent Number: 6,166,213
Anousis et al. 451 Date of Patent: Dec. 26, 2000
[34] OMEPRAZOLE PROCESS AND 540.147  5/1985 Spain .
COMPOSITIONS THEREOF 550070 12/1985 Spain .
WO 98/40377  9/1998  WIPO .
[75] Inventors: Nick Apousis; James W. McManus, WO 98/40378  9/1998 WIPO.
Benjamin Newton Banks, all of
Albany, Ga.; Lingwen Zhou, North
Brunswick; Hui Lin, Greenbrook, both Primary Examiner-Patricia 1. Morris
of N.L Attorney, Agent, or Firm—Philippe 1. Durette; Melvin
Winokur
[73] Assignee: Merck & Co., Inc., Rahway, N.J.
[57] ABSTRACT
[21]  Appl. No.: 09/169,231 The present invention describes an improved process for the
[22] Filed: Oct. 9, 1998 preparation, isolation, and purification of the anti-ulcer agent
omeprazole whereby the sulfide precursor pyrmetazole is
Related U.8. Application Data reacted subsurfacely with exactly one molar equivalent of
{60]  Provisional application No. 60/096,037, Aug, 11, 1998, meta-chloroperoxybenzoic acid in methylene chloride or
(U] I8t €L oo COTEY 407712 tofuene solution; residual organic solv.ent is removed from
(52] US.Ch .. 546/273.7 the aqueous 1ayer‘by vacuum distiflation; crude product is
[58] Field of Search 54612737 obtaiged by reactive erystalfization with an alkyi formate
"""""""""""""""""""""" Hal and seeding; and pure product is isolated by recrystallization
(56] References Cited in methanol-water containing aqueous NaOH by subsurface
addition of aquecus acetic acid to pH 9.0, seeding, filtration,
LS. PATENT DOCUMENTS washing, and drying. Compositions of omeprazole contain-
5635520 6/1997 Uda etal o 514338 108 00 chromatographically deiectable levels of residual

FOREIGN PATENT DOCUMENTS

539793 171985

Spain .

ron-alcoholic erganic reaction solvent are also described.

29 Claims, No Drawings



Case 3:08-cv-02165-JAP -TJB

Document 1  Filed 04/30/08 Page 37 of 51 PagelD: 37

6,166,213

1
OMEPRAZOLE PROCESS AND
COMPOSITIONS THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

‘The present invention is related 1o U.S. provisional applhi-
cation Ser. No. 60/096,037 filed Ang. 11, 1998, the contents
of which are hereby incorporated by reference.

FIELD OF THE INVENTION

The present invention provides 4 novel improved process
for the preparation, isolation, and purification of the anti-
ulcer agent omeprazole. Compositions of omeprazole con-
taining no chromatographicaily detectable levels of residual
non-alcoholic organic reaction solvent are also disclosed,

BACKGROUND OF THE INVENTION

Omeprazole, the generic pame for 3-methoxy-2-[f4-
methoxy-3,5-dimethyl-2-pyridinyl)methylJsulfinyl]-1H-
benzimidazole (denoted as Formula I below) is a well-
described gastric proton-pump inhibitor and is on the market
a8 LOSEC® or PRILOSEC® for the treatment of gastric and
duodenal ulcers, gastritis, duodenitis, and refiux esophagitis
(see Merck Index, 12th Ed., eniry 6977, and references cited
therein). Omeprazole is commercially prepared via a multi-
step sequence, the last step of which is oxidation of the
sulfide intermediate, S-methoxy-2-[[4-methoxy-3,5-
dimethyl-2-pyridinyl)methyl}methylthio}-1H-
bepzimidazole {(denoted as Formufa I below), known
generically as pyrmetazole, which is typically effected with
a peroxy acid, such as meta-chloroperoxybenzoic acid
(hereinafter referred to as MCPBA) (U.S. Pat. Nos. 4,255,
431 and 5,386,032), magnesium monoperoxyphthalate
MMFPP) (U.S. Pat. No. 5,391,752), or peroxyacetic acid
(WO 98/09662), in suitable non-aleoholic orpanic reaction
solvent. The preferred xidizing agent is usually MCPBA,
and suitable non-alcoholic organic reaction solvents include
aromatic hydrocarbon solvents, such as benzene and
tolsene, and chlorinated aliphatic hydrecarbon solvents,
such as chloroform and methylene chioride, in admixture
with an alcoholic soivent, such as methanol, ethanol,
isopropanol, or i-butanol. The preferred non-alcoholic
organic reaction solvents are usually methylene chloride and
toluene, and the preferred aleoholic solvent is ethanol,

Prior processes 1o omeprazole have numercus disadvan-
tages that limit both the yield and the purity of the final
product,

A significant drawback of such prior methods is incom-
piete oxidative conversion of pysmetazole into omeprazole
as well as non-chemoselective oxidation. Two aspects of
chernoselectivity are important in the oxidation of pyrmeta-
zole. First, pyrmetazole contains two fertiary amino groups
which can compete with the sulfide group for the oxidizing
agent. Although these amino groups are less reactive than
the desired sulfide, they can nevertheless undergo quantita-
tive oxidation with MCPBA below ambient {emperature.
Second, the product ameprazole (a sulfoxide) can also react
with MCPBA to form a sulfone by-product, Non-
chemoselectivity and over-oxidation, characteristic of the
previous methods, arise from ineffective control over the
amount of the oxidizing agent as well as the manger in
which the oxidizing agent is charged into the reaction vessel.
Prior methods do not use accurately determined amounts of
the oxidizing agent and do not provide for careful control of
its addition to the reaction mixiure. Non-chemoselective,
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over-, and under-oxidation all coniribute to high impurities
and loss of yield of the final desired product.

Another disadvantage of prior procedures is the consid-
erable loss of product in the purification and isolation steps
due Lo solubility of omeprazole in the mother liquors aed
solvent washes.

A further drawback copcerns diminished product quatity
resulting from occlusion of tesidual solvents and reaction
by-products during the erystallization steps. I is desirable 1o
climinate residual levels of organic reaction solvent and
recrystallization solvent impurities in the final crystalline
product for toxicity/safety reasons.

It is therefore an object of the present invention to provide
an improved process for the preparation, purification, and
isolation of omeprazole that overcomes the yield and prod-
uct purity limitations of prior methods,

It is also an object of the inventior to provide composi-
tions of omeprazole having lower levels of residual nog-
alcoholic orgaric reaction solvent after the initial crude
reactive crystallization step.

It is a further object of the present invention to provide
final compositions of omeprazole that contain no residual
non-afcobolic organic reaction solvent within the limits of
chromatographic deection and less than 20 pp.an. of
residual crystallization solvent.

SUMMARY OF THE INVENTION

The present inventios pravides an improved process for
the prepasation, purification, and isolation of omeprazole of
the Formula T. The last chemical tramsformation in the
preparation of omeprazole is the oxidative conversion of the
sulfide intermediate pyrmetazole of the Formula 11 into its
sulfoxide derivative omeprazole of the Formula L

OCH,

OCH;

H

oxidizing agen:,
toluene or CHyCly/ethanol

OClIis

HyC
OClH;

In one embodiment of the improved process, the oxidiz-
ing agent is meta-chloroperoxybenzoic acid (MCPBA), and
the nop-alcoholic organic reaction solvent is methylene
chloride or toluene in admixture with an alcoholic solvent,
such as methanol, ethanol, isopropanol, or 1-butanol, in
particular, ethanol. In this embodiment, the completeness
and chemoselectivity of the oxidation have been optimized
by careful control of the amount of MCPBA charged 1o the
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reaction vessel The use of one molar equivalent of MCPBA
relative 1o the number of moles of pyrmetazole prevens
son-chemoselective, over-, and under-oxidation resulting in
fewer impurities and higher yields. In another embodiment
of the present invention, the concentration of MCPBA in the
charging solution is calculated using a novel analytical
method based upoen MCPBA oxidation of
3-methyliscquinoline to its N-oxide derivative and subse-
quent HPLC quantitation. Without this assay there exists no
practical way to avoid either over-oxidation or incomplete
ceaversion of pyrmetazole into omeprazole.

In a further embodiment of the present invention, control
over localized over-oxidation is achieved by subsurface
addition of MCPBA, providing for entry of the oxidizing
solution into the reaction vessel at the tip of the agitator
blades, with simultaneous control of the reaction tempera-
ture. Incorporation of these novel features into the process
¢nsures complete conversion of pyrmetazole into omepra-
zole with no formation of sutfone by-products.

In another embodiment of the present invention, the
isolation of the crude product has been improved by vacuum
distillation of the crude agueous phase after extraction of the
reaction mixture prior to crystallization to remove most of
the entrained methylene chloride or toluene from the oxi-
dation step. The aleoholic solvent, in particular ethanol,
concentration is re-adjusted in order to promote good crystal
growth during the crude crystallization step. The crystalli-
zation step involves o two-stage peutralization with a C, .,
alkyl formate, preferably methyl formate, which is added
subsurfacely through a diptube located near and directed
perpendicular to the impeller tip. This mode of addition of
the methyl formate ensures rapid dispersion of the neutral-
izing agent, which promotes crystal growth over spontane-
ous nucleation. In so doing, occlusion of mother ligquors in
the crysials is minimized. Lowering the concentration of
ammonia, relative o that used in prior procedures, in the
ammonia-water wash, necessary to remove color impurities
in the crude product, provides for further improvement in the
yield of cmeprazole.

A furtber embodiment of the present invention concerns
the final purification step. A methanol-water mixture is used
for the crystallization step which is initiated by subsurface
addition of aqueous acetic acid and subsequent seeding with
omeprazole. The same methancl-water mixture is employed
as a displacernent wash to remove molher liguors and
dissolved impurities while suppressing solubility losses. In
this fashion, significamt yield improvemenis are obtained
with o adverse impacl on product quality.

Crystalline omeprazole is thus obtained with sigrificant
improvement in yield and purity. The isolated material
contzins no chromaiographicaily detectable levels of
residual ron-alcoholic organic reaction: solvent and less than
20 p.p.m. of residual methanol as the crystallization solvent.

BRIEF DESCRIPTION OF THE DRAWINGS
Not Applicable

DETAHLED DESCRIPTION OF THE
INVENTION

The instant invention relates to an improved process for
the preparation, purification, and iselation of the proton-
pump inhibitor omeprazole and fo novel compositions
thereof. Omeprazole, having formula T, is prepared by
reacting a solution of pyrmetazole, having Formula I,
coaled to about -5 to +5° C, and buffered to a pH of about
5to 6,
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HaC.
OCH;

N
~
i3

MCPBA,
teluene or ClClo/ethanol

N. OCH;

with one molar equivalent of an oxidizing agent, relative to
the mumber of moles of pyrmetazole, dissolved in a non-
aleoholic organic reaction solvent in admixture with an
alcobolic solvent. The aleoholic solvent is sefccied from
methanol, ethanol, isopropanol, and 1-butanol.

In one embadiment of the instam irsproved process, the
buifered solution comprises potassium bicarbopate, the oxi-
dizing agent is meta-chloroperoxybenzoic acid, and the
non-aieoholic organic reaction solvent is methylene chloride
of toluene, either in admixture with ethanol. The reaction is
carried eut such that both completensss and chemoselectiv-
ity of the oxidation are optimized. To force the reaction to
proceed in & near quantitative fashion, it is necessary that
any excess of the oxidizing agent, MCPBA, be minimized.
Hence, the solution containing the oxidizing agent is accu-
rately assayed so that an exact amount of reageni will be
charged to the reaction vessel. In prior methods, the amount
of MCPBA added was based og the commercial supplier’s
assay number. Since MCPBA solid contains about 15-25%
water for safety reasoms, the solid is mot homogeneous,
Therefore, the manufacturer can provide only the average
assay resuits of MCPBA. If MCPBA from different contain-
crs and different suppliers is used, an inaccurate charge of
MCPBA will result. A novel analytical method has therefore
been developed to quantify MCPBA in the charging solution
in ordez to deliver an accurate amount of the oxidizing agent.
According to the assay, an excess amount of
3-methylisoquinoline (HI} is reacted with MCPBA in
toluene/ethanol solution to form 3-methyiisoquinoline
N-oxide (IV), according to the equation:

Ciy tolnene/EtOH/

MeCN

S

/N

+MOPBA

1

Page 38 of 51 PagelD: 38



Case 3:08-cv-02165-JAP -TJB Document 1 Filed 04/30/08 Page 39 of 51 PagelD: 39

6,166,213

5
-cogtinued
N CH,
N
S '\O
v

The reaction is fast and quantitative. The remaining tertiary
aming in the reaction mixture is quantitated by reverse-phase
high-performance tiquid chromatography (RP-HPLC). The
amount of the amine consumed during the reaction is used
to calculate the concentration of the MCPBA solution.

It is also important that no excess oxidizing agent accu-
mulate during addition of the reagent. This is best zecom-
plished by subsyzface addition of MCPBA, such that the
solution enters the batch through a diptube located near and
directed perpendicular to the agitator blades. This mode of
addition provides for immediate dispersion of the oxidant,
thus Hmitiag localized over-oxidation.

Chemoselectivity and extent of oxidation are also
enbanced by controlling the reaction temperature without
crystallization of the oxidizing agent. The optimum tem-
perature range is about 0-5° C. for the solution of the
oxidizing agent and zbout -3 w0 +3° C. for the reaction
mixture throughout the addition process. Higher tempera-
tures of either the MCPBA solution or the reaction mixture
will result in some sulfone formation. Likewise, much lower
iemperatures temporarily suppress the oxidation reaction,
which results in a localized accumulation of the oxidizing
agent that can lead to over-oxidaijon producis.

After addition of the solution containing the oxidizing
agent, aqueous base, for example 50% NaOH or KOH, is
added, the solution allowed to age for about 0.5-1.0 hours
at0-5% C,, and the aquecus phase separated from the organic
phase. To minimize residual fevels of the non-aleoholic
orgamic reaction solvent, in particular toluene or methylene
chloride, in the crude product, which translates into higher
levels of volatile non-alcoholic organic reaction solvent in
the pure product, it is important to remove as much entrained
toluene or methylene chloride as possible from the erude
aqueous phase. The source of residual (oluene or methyicne
chioride is an emulsion that forms when the crude baich is
extracted from toluene or methylene chioride with agueous
base. Removal of residual solvent may be accomplished by
vacuum distillation of the aqueous phase at a pressure of
about 25-70 mm Hg and temperature of about 15-35° C. for
about 1-4 hours. In: further exemplification, the distillation
is carried out at about 50 mm Hg and about 15° €. for 2
hours. The vacuum distillation procedure reduces the pre-
crystallization levels of toluene or methylene chloride to less
thar: 400 p.p.m. Otker options to break up the emulsion and
eflect better phase separation are less effective; these include
filiration of the crude aqueous phase through a bed of
Celite™, increasing the settling time, and addition of a
strong electrolyte.

Since the distillation process also resuits in removal of the
aleohol, in particular ethanol, its concentration must be
re-adjusted to approximately 15%, in order to [acilitate
crystal growth during the crude crystallization process. A
lower level of the alcoholic solvent, in particular ethanol,
produces finer crystals which are more likely to dissolve
duriog subsequent washes thereby diminishing yields of the
crude product,

At this point, the reactive crystailization of omeprazole is
inritiated and maintained under controlied conditions.
Approximately 40% of a C,_;-alkyl formate charge, prefer-
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ably methyl formate, is added over the first 30 minutes to
bring the batch from a pH of about 13.5 to near supersatu-
ration at a pif of about 10.6 to 10.8. The methyi formate
addition is accomplished through a diptube which is nar-
rowed at one end to create 2 fine stream and which is located
near and perpendicniar to the impeller tip. This technique
ensures rapid dispersion of the methy! formate so that
occlusion of impuritics is minimized. When a pH of about
180.6-10.8 is attained, the methyl formate addition is
discontinued, and the batch is aged for ten to iwenly minutes
to allow the temperature to cool to approximately 20° C.
prior to seeding. It is important to seed between pH 10.6 and
10.8. Below 10.6 spontaneous nucleation will occur with
Little crystal growth, if & sufficient seed bed is not present.
Sceding is effected with pure, milled omeprazole (100% by
HPLC), and the rest of the methyl formate is added subsur-
facely over 6—8 hours to adjust the pH to about 9.0-9.3. This
crystallization procedure improves both the yield and purity
of the product. Without being held 1o a specific mechanism,
it is believed that the purity enhancement is mainly due to
preventing occlusion of mother liguors by promoting crystal
growth over nucleation. Crude omeprazole at this stage
coptains iess than 100 p.p.m. of residual toluene or meth-
ylene chloride, as determined by gas-liquid chromatographic
analysis.

The crude crystallized product is then filtered, washed
with 0.01-1.0%, preferably 0.1%, aaramonia-water, and
then methanol.

The crude wet omeprazole is then purified by dissolving
it in 2:1-0.5-1 {v/v} methanol-water solution containing
aqueous base, preferably 50% N2OH or KOH, at 20° C,
cooling the basic solution to about 0-5° ., redlucing the pH
from >11.0 to approximately 10.5 by subsurface addition
through a narrewed end diptube (configuration of apparatis
same as in crude isolation siep) of aqueous acctic acid,
preferably 25% aqueous acetic acid, over a 3(-minute
period, while maistaining the temperature al (3-5° C. At this
point the batch is seeded with pure omeprazele (100% by
HPLC), and the subsurface addition of 25% aqueous acetic
acid is continued over a 2-4 hour peried uatil a pH of about
9.0 1s attained. The batch is then aged for 6.5-1.0, preferably
0.5, hours, Following the aging period, the product is
filtered, washed with the same methanal-water mixture to
displace the mother liquors containing the impurities, and
finally with cold methanol. Pure omeprazole is obtained
after vacuum drying with a nitrogen purge at 30-50 mumn Hg
and 30-357 C,

The optimal methanol-water ratio in this final purification
step is 1:1. Previous methods used a higher methanol to
water ratio. Lowering the proportion of methaso! in the
solvent mixture used in the displacement wash minimizes
solubility losses and provides the purification demands,
thereby irmproving the yield of the final product without
compromising product quatity.

Crystalline omeprazole obtained using the improved pro-
cess of the instant fnvention has an HPLC purity of 100%
with no detectable levels of entrained residual toluene or
methylene chloride from the crude step as measured by
gas-liquid chrematography, the detection limit bemng 3
p-pam. Prior metbods have afforded omeprazole containing
30-100 p.p.m, of residual non-aleoholic organic reaction
solvent, namely tofucae or methyiene chloride. The pure
product contzins less than 26 p.p.m. of residual methano? as
the crystallization soivent,

Feor the preparation of pharmacentical compositions in the
form of dosage upits for oral administration, omeprazole
prepated according to the process of the presen! invention
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may be mixed with a solid, pulverulent carrier, such as
lactose, saccharose, sorbitol, mannitol, starch, amyiopectin,
celiulose derivatives or gelatin, as well as an antifriction
agent such as magnesium stearate, caleium stearate, and
polyethyleneglycol waxes. The mixture is then pressed into
tablets. If coated tablets are desired, the above-prepared core
may be coated with a conceatrated solution of sugar, which
may coniain gum arabic, gelatin, tale, titanium dioxide, or
with a lacquer dissolved in volatile organic solven: or
mixture of solvents. To this coating various dyes may be
added in order to distinguish among tablets with different
amounts of active compound present,

Soft gelatin capsules may be preparsd which contain a
mixture of pure omeprazele prepared according to the
process of the present investion and vegetable oil. Hard
gelaiin capsules may contain granules of the active com-
pound in combination with a solid, pulverulent carrier, such
as lactose, saccharose, sorbitol, mannitol, potato stazch, corn
starch, amylopectin, cellulose derivatives, or gelatin.

Pharmaceutical tablets for oral use are prepared in the
foliowing manner. The solid substances are ground or sieved
to a certain particle size, and the binding agent is homog-
enized and suspended in a snitable selvent. The solid ome-
prazole prepared according to the process of the present
invention and auxiliary agents are mixed with the binding
agent solution. The resulling mixture is moistened to form a
uniform suspension having the consistency of wet snow. The
meistening causes the particles to aggregate slightly, and the
resulling mass is pressed through a stainless steel sieve
having a mesh size of about 1 millimeter. The fayers of the
mixlure are dried in carefully controlled drying cabinets for
approximately ten hours to obtain the desired particle size
and consistency. The granules of the dried mixiure are
sieved to remove any powder. Te this mixture,
disintegrating, antifriction, and antiadhcsive agents are
added. Finally, the mixture is pressed into tablets using a
machine with the appropriste punches and dies to obtain the
desired 1ablet size. The pressire applied affects the size of
the tablet, its strength and ability to dissclve in water. The
compression pressure used should be in the range of 0.5 to
5 tons. The tablets, especially those which are rough or
bitter, may be coated with a layer of sugar or soms other
palatable substance. They are then packaged by machines
baving electronic counting devices.

The following examples illusirate the process of the
present invention and are not intended to Hmit the scope of
the invention set forth in the claims appended thereto.

EXAMPLE 1

HPLC Assay of MCPBA Charging Solution
Step A. HPLC Operating Parameters
High-performance liquid chromatography was performed
using a Waters gBondapak C-18 columa {(4.6%300 mm, 10
#m particie size} with the following additional parameters:
Mobile phase: A=acctonitrile; B=0.1% H,PO,
Mode: isocratic 25%A/75%8 at a flow rate of 1.0 ml/min
Injection size: 160 ul.
Detector wavelengti: 254 nm
Run time: 32 min.
Method of quantitation: Arca by ¢lectronic integration
Approximate retention fmes:
3-methylisoquinoline: 3.5 mins.
3-methylisoquinoline N-oxide: 5.7 mins.
MCPBA: 11.4 mins.
Toluene: 25.1 mins.
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Step B. Reagents

Acetonitrie (MeCN): HPLC Grade

Water: HPLC Grade

Phosphoric Acid: HPLC Grade

3-Methylisogquinoline: 98%

Sample Diluent: 30/50 (MeCN/0.1% H,PO.)
Step C. Preparation of 3-Methylisoquinoline Standard

205 mg of 3-methylisequinoline {98%) was transferred
into a 10 mL volumetric flask and dissolved in 1.0 mL of
MeCN. 1.0 mL of MCPBA after warming 1o room tempera-
ture was carefully pipetted into the flask, and the sides of the
flask were washed with 1.0 mi. of MeCN. The flask was then
wrapped with parafilm and sonicated for 5 minutes. After
cooling, the sides of the flask were washed with 1.0 mL of
MeCN and the flask senicated for an additional minute. The
mixture was carefully dilizted to the mark with acetonitrile.
1.0 mL of this solution was transferred by pipet o a 25-mL
volumetric flask and diluted to the mark with the sample
diluent from Step B.
Step D. Procedures

The BPL.C system was equilibrated for at least 10 minuses
at the mobile phase condition given in Step A. The standard
preparation from Siep C was injected twice, and the average
arca respomse for the 3-methylisoquineline peaks should
agree within 1% of their average. The sample preparation
was injected once.
Step E. Calculations

The concentration (mg/mL) of the MCPBA solution was
calculated using the following equation;

172.57
mg/ml of MCPBA solution = (w — (A As)x Cs% 2501 % 5o

where:
A=area response of the 3-methylisoquinoline for the
Sample Solution
B=weight (mg) of the 3-methylisoquinoline in the Samyple
Preparation
As=average area response of the 3-methylisoquinoline for
the Standard Solution
Cs=concentration of the 3-methylisoquinoline Standard
Preparation
172.57=formula weight for 3-methylisoquinoline
143.19=formula weight for MCPBA
As an illustration of the assay, an MCPBA sample from
Spectrum (Lot# LF0102, 72.7% MCPBA) was assayed, and
a value of 72.8% (wt.%) for MCPBA was obiained.

EXAMPLE 2

Preparation of Omeprazole with Methylene
Chloride as Solvent

A solution of potassium bicarbonate (14.0 g, 0.140 mel,
1.2 equivalents) in deionized water (115 mL) was added to
2 solution of pyrmetazoie (0.114 mol) in methylene chloride
(170 mL}) in a one-liter, three-pecked round-bottom flask,
and the mixture was cooled to 0° C. A solution of meta-
chioroperoxybenzoic acid (MCPBA) (28 g, 0.114 mol, 1.0
equivalent) in methylene chloride (51 ml) and ethanol (13.3
mL) was prepared and assayed by the 3-methylisoquinoline/
HPLC procedure described in Example 1 to ensure that
exactly one molar equivalent of MUPBA is used. The
solution is then cooled between (-5° C. and added, subsur-
facely directed al the tip of the impefler, to the rapidly
agitated solution of pyrmetazole over a 2-hour period. The
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oxidation conversion was 99.8% with no over-oxidation to
sulfone or N-oxides, as determined by HPLC analysis. Cold
deionized water (115 mL, 5° C.) and 50% NaOH (15 mL)
were then added to the reaction mixture. The solution was
allowed to stand at 0-5° C, for thirty minutes and the phases
separated. The methylene chloride layer was discarded and
the agueous layer concentrated under vacuum (50 mm Hg)
for 2 hours at 157 C. to remove the bulk of the residual
methylene chloride. The etharol level was then re-adjusted
o 15% wv/v. At this point the residual methylene chioride
level was less than 200 p.p.m., as determined by gas-liquid
chromatographic analysis.

The crude product was then isolated by reactive crystal-
lization by subsurface addition of methy! formate. Approxi-
mately 40% of the methy! formate charge {approximately 6
mL) was added during the first thirly minutes to adjust the
pH from about 13.5 to 10.8. The mixture was allowed to
stand for about twenty minutes {0 allow the internal tem-
perature to coei back down to approximately 20° C. The
mixture was seeded with pure omeprazole (0.5 g), and the
remainder of the methy] formate (approximately 9 mL) was
added subsurfacely over a 7-hour period o a pH of 9.0. The
crude prodect was filtered, washed with 0.1% ammonia-
water (50 mL) followed by methanot (40 mL).

The crude product was dissolved in 1:1 methanol-water
(270 mL) and 50% NaOI{ (4 mL) in a 500-mL, three-
necked, round-bottomed Hask at 20° C. The solution was
ther cooled to 0-5° C. and the pH adjusted from >11.0 to
approximately 10.5 by subsurface addition of 25% acetic

acid over a 30-minute period, maintaining the femperature at -

5% C. The batch was seeded with pure omeprazale {0.5 g),
and the subsurface addition of 23% acetic acid was contin-
ued over a 4-hour period until pH 9.0 was achieved. After
thirty minutes, the resuliing solid was filtered, washed with
1:1 methanol-water (30 mL), and finally with cold (5° C.)
methanol (30 mL). Pure omeprazole (100% as determined
by HPLC analysis) was obtained after vacuum drying (50
mm Hg, 30-35" C). The overall yield was 92.7%. The
residual methanol level was 10 ppm, as determined by
gas-fiquid chromatography, with no detectable levels of
methylene chloride (detection limit of 3 p.p.m.).

EXAMPLE 3

Preparation of Omeprazole with Toluene as Solvent

Asolution of potassium bicarbonate (14.0 g, 0.140 mol,
1.2 squivalents) in delonized water (115 ml) was added to
a solution of pyrmetazole (0,114 mol) in foluene (310 mlL)
in & ong-fter, three-necked round-bottom flask, and the
mixture was cooled to 0° C. Following the bicarbonate
addition, & solution of meta-chloroperoxybenzoic acid
(0.114 mol, 1 equivalent) in toluene (53 ml.) and ethanot (20
mL) was assayed and charged to the pyrmetazele solution as
in Example 2. The oxidation conversion was 95.8% with no
over-oxidation to sutfone or N-oxides. Cold deionized water
(145 ml, 3° C.) and 50% NaOH (12 ml.) were then added
to the reaction mixture. The selution was aliowed fo stand at
0-5° C. for thirty minutes and the phases separated. The
toluene layer was discarded and the aqueous layer concen-
trated under vacuum (30 mm Hg) for 2 hours at 15° C. to
remove the bulk of the residual toluene. The cthanol level
was then adjusied o 15% v/v. Al this point the residual
toluene level was less than 400 p.p.m., as determised by
gas-liguid chromatographic apalysis.

The cude product was then isolated by reactive crystal-
lization by subsurface addition of methy! formmate as in
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Example 2. It was filtered, washed with (.1% ammonia-
water (50 mL) followed by methanol (48 ml). The wet
crude product was then processed to pure omeprazole as in
Example 2. The overall yield was 93.8% with an HPLC
purity of 100%. The residual methanol level was 10 ppm, as
determined by gas-liquid chromatography, with 5o detect-
able levels of toluene (detection limit 3 p.p.m).

EXAMPLE 4

A pharmaceutical composition containing omeprazole
prepared accordiag to the process of the present invention as
the active ingredient is illustrated in the following formu-
lation.

Capsules containing 30 mg of cmeprazole of the present
invention were prepared from the following ingredients:

Compound of Example 2 or 3 300 grams
Lactose 700 grams
Microcrystalline celfulose 40 grams
Hydroxypropy! celiulose, low-substituted 62 grams
Disodivm hydrogenphosphate 2 prams
Parified water EN

The omeprazale of Example 2 or 3 was mixed with the dry
ingredients and granulated with a solution of disodium
hydrogenphosphate. The wet mass was forced through an
extruder and sphreronized and dricd in a fluidized bed dryer.
500 Grams of the pellets were coated with 2 solation of
hydroxypropyl methylcellulose (30 grams) in water {750

mL) using a fluidized bed coater. After drying, the pelicts
were coated with a second coating as follows:

Coating Solution:

Hydroxypropyl methylceliulose phthalate 0 grams
Cetyi alcohol 4 grams
Acctone 200 grams
Ethanol 600 grams

The final coated pellets were filled into capsules.

Whal is claimed is

1. Aprocess for the preparation of omeprazole, having the
formula 1,

OCTH;
HxC CH,
s N OCH;
~ S—</
N I\
o £

which comprises:

{a) treating, at about -5 10 +5° C., 4 buffered solution of
pyrmetazole, having the formula 11, in 2 non-alcohiolic
ofganic
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HiC CH,

3
N
S‘W*{
N N
H

OCH,

reaction solvent, with one equivalent, relative to the
number of moales of said pyrmelazole, of mete-
chloroperoxybenzaic dissolved in the pon-aleoholic
arganic reaction solvent in admixture with an alecholic
solvent at about 0~5° C. followed by aging in the
presence of an aqueous base;

(b) separating the aqueous phase of the aged reaction
mixture from the organic phase; and

(c) removing residual non-alccholic organic reaction sol-
vest from said aqueous phase followed by re-adjusting
the alcoholic solvent concentration 1o about 15% v/v.

2. The process according o claim | wherein the alcoholic

solvent is selected from methanol, ethanol, isopropanol, and
1-butanoi,

3. The process according to claim 2 wherein the alooholic

salvent is ethanol,

4. The process according to claira 1 which further com-

priscs:

(a) crystallizing crude product from said agueous phase
by subsurface addition of a C,_, alky! formate to adjust
the pH from about 13.5 to about 10.6-10.8, aging for
about 10-20 minutes, allowiag the tempesature to reach
about 20° C., seeding, and adding remainder of said
alkyl formate over 6-8 hours to adjust the pH to about
9.0-93; and

(b) isolating crude product by filtration and washing with
ammonia-waler and methanol.

3. The process according to claim 4 which further com-

prises:

(1) recrystailizing crude product {a methanol-water con-
taining aqueous sodium hydroxide by cooling to about
0-5° C., adjusting the pH to about 10.5 by subsurface
addition of 25% agueous acetic acid, seeding, adding
25% aqueons acetic acid to a pH of about 9.0, and aging
for about 0.5 hours; and

(b} isclating pure product by filtration, washing with
methanol-water and cold methanol, and vacuum dry-
ing.

6. The process according to claim 1 wherein residual
non-alcoholic organic reaction selvent is removed from the
aqueous phase by vacoum distillation at about 25-70 mm
Hg and about 15-35° C. for about 1-4 hours.

7. The process according to claim I wherein the non-
alecholic organic reaction solvent is selected from an aro-
matic hydrocarbor solvent and a chlotinated aliphatic
hydrocarbon solvent,

8. The process according to claim 7 wherein the aromatic
hydrocarbon solvent is toluene.

9. The process according to claim 7 wherein the chlori-
nated aliphatic hydrocarbon solvent is selected from meth-
¥lene chloride, 1,2-dichlomethane, and chioroform.

10. The process according to claim 9 wherein the chlo-
rinated aliphatic hydrocarbon solvent is methylene chloride.
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11. The process according to claim 1 wherein the aging is
allowed to proceed at about (—5° C. for about 0.5-1.0 hours.

12. The process according to claim 1 wherein the buffer
comprises aqueoss sodium bicarbonate or aquecus potas-
sizm bicarbonate,

13. The process according to claim 1 wherein the aqueous
base comgrises aqueous sodium hydroxide or agueous pota-
sium hydroxide.

14 The process according to clim 4 wherein the C,
alkyl formate in Step (a) is methyl formate.

15. The process according to claim 8 wherein the volume
ratio of methanol to water in Steps (a) and (b} is 2:1 10 0.5-1.

16. The process according o claim 15 wherein the volume
ratio of methanol to waier is 1:1.

17. The process according to claim 6 wherein the vacuum
distillation is performed al a pressure of sbout 50 mm Hg
and a temperature of about 15-25° C.

18. The process according to claim 4 wherein the con-
coniration of ammenia-water in Step (b} is 0.01-1.0%(v/v).

19. The process according to claim 18 wherein the con-
centration of ammonia-water is 0.1%(v/v).

26. The process according to claim 1 wherein the molar
amount of oxidizing agent to be added to said pymmetazole
solution is calculated by means of a high-performance liquid
chromatographic assay which quantifies the extent of oxi-
dation of an excess of 3-methylisoguinoline to
3-methylisoquinoline-N-oxide.

21. The process according to claim 1 wherein the oxidiz-
ing agent is added subsurfacely such that the solution enters
the reaction mixture at the tip of the agitator blades.

22. 5-Methoxy-2-{[4-methoxy-3,5-dimethyl-2-pyridinyl)
methylsulfinyl]-1H-benzimidazole {omeprazole) obtained
by the process of claim § containing less than 100 parts per
million of residual aromatic hydrocarbon salvent.

23. 5-Methoxy-2-{[4-methoxy-3,5-dimethyl-2-pyridiny})
methylisulfinyl}-1H-benzimidazole (omeprazole) obtained
by the process of claim 5 contzining less than 100 parts per
million of residual chlorinated aliphatic hydrocarbon sol-
vent.

24, 5-Methoxy-2-{[4-methoxy-3,5-dimethyi-2-pyridinyl)
methyi]subinyl]-11-benzimidazole (omeprazole) accordiang
1o claim 22 wherein the aromatic hydrocarbon solvent is
toluege.

25. 5-Methoxy-2-{{4-methoxy-3,5-dimethyl-2-pyridinyl)
methyl jsulfinyl]- 1H-benzimidazole {(omeprazole) according
to claim 23 wherein the chlorinated aliphatic hydrocarbon
solvent is methylene chioride.

26. 5-Methoxy-2-{[4-methoxy-3,5-dimethyl-2-pyridinyl}
methyllsulfinyl]-1H-benzimidazole {omeprazole) contain-
ing less than three parts per million of residual aromatic
hydrocarbon solvent and 10-20 p.p.m. of residual methanot.

27. 5-Methoxy-2{[4-methoxy-3,5-dimethyl-2-pyridinyl)
methylisulfinyl}-1H-benzimidazole (omeprazole) contain.
ing less than three parts per million of residual chlorinated
aliphatic hydrocarbon solvent and 10-20 p.p.m. of residual
methanol.

28. 5-Methoxy-2-[[4-methoxy-3,5-dimethyl-2-pyridinyh)
methylJsulfinyl}- 1H-benzimidazole {omeprazole) according
to claim 26 wherein the aromatic hydrocarbon solvent is
toluene,

29. 5-Methoxy-2-{{4-methoxy-3,5-dimethy!-2-pyridinyl)
methyllsulfinyl]-1H-benzimidazole (omeprazole) aceording
to clairs 27 wherein the chiorinated aliphatic hydrocarbon
solvent is methylene chloride.

* ok ok kK
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7 ABSTRACT

The present invention describes an improved process for the
preparation, isolation, and purification of the anti-ulcer agent
omeprazole whereby the sulfide precursor pyrmetazole is
reacted subsurfacely with exactly one molar equivalent of
meta-chloroperoxybenzoic acid in a chlorinated aliphatic
hydrocarbon or aromatic hydrocarbon solveat, such as meth-
ylene chloride or toluens; residual organic solvent is
removed from the agueous laver by vacuum distiflation;
crude product is obtained by reactive crystallization with an
alkyl formate or formic acid solution and seeding; and pure
product is isolated by recrystallization in methanol-water
containing agueous NaOH by subsurface addition of aque-
ous acetic acid to pH 8.0, seeding, filtration, washing, and
drying. Omeprazole and compositions of omeprazole con-
laining no chromatographically detectable levels of residual
non-aicobolic organic reaction solvent and diminished lev-
els of alcoholic solvent are also described.

16 Claims, No Drawings
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OMERAZOLE PROCESS AND
COMPOSITIONS THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application is a continuation-in-part of appli-
cation Ser. No. 09/169,231, filed Oct. 9, 1898, which is
related to U.S. provisional application Serial No. 60/096,
(37, filed Aug. 11, 1998, the contents of both of which are
kereby incorporated by reference.

FIELD OF THE INVENTION

The present invention provides a novel improved process
for the preparation, isolation, and purification of the anti-
uleer agent omeprazole. Omeprazole and compositions of
omeprazole containing no chromatographically detectable
levels of residual nop-alecholic organic reaclion solvent and
diminished levels of alcoholic solvent are also disclosed.

BACKGROUND OF THE INVENTION

Omeprazole, the generic name for 5-methoxy-2.{[(4-
methoxy-3,5-dimethyl-2-pyridinylymethyllsulfinyl}-1
H-benzimidazole (denoted as Formula I below) is 2 well-
described gastric proton-pump inhibitor and is on the market
as LOSEC® or PRILOSEC® for the treatment of gastric and
duodenal ulcers, gastritis, duodenitis, and reflux esophagitis
(see Merck Index, 12¢h Bd., entry 6977, and references cited
therein). Omeprazole is commercially prepared via a multi-
slep sequence, the last step of which is oxidation of the
sulfide intermediate, 5-methoxy-[[{4-methoxy-3,5-
dimethyi-2-pyridinyDmelhylithiol]-1H-benzimidazole
(denoted as Formula II below), known generically as
pymmetazole, which is typically effected with a peroxy acid,
such as meta-chloroperexybenzoic acid (hereinafter referred
to as MCPBA) (U.S. Pat. Nos. 4,255,431; 5,386,032 and
EPO 484,265}, magnesium monoperoxyphthalate (MMPP)
(US. Pal. No. 5,391,752), or peroxyacelic acid {WO
98/0996G2), in a suitable non-alcoholic organic reaction sol-
venl.

@
CCH;
HsC CH,
S N OCH;
# S-</
N I N
o H
(1)
OCH,

H3C CH;
N N OCHz
N
|
g

Oxidants other thap peroxyacids have also been used for
the oxidation of pyrmetazole to omeprazole. EPO 302,720
utilizes zqueous hydrogen peroxide in the presence of a
vanadium catalyst, Spanish application No. ES 550,070
discloses periodate as the oxidant, and Spanish applications
No. ES 539,793 and ES 540,147 descrbe iodosobenzene
and 3-methyliodosobenzene, respectively. A photooxidative
method is disclosed in GB 2,239,453,
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Reduction of omeprazole-N-oxide to omeprazole is
described in WO 98/40377 and WO 98/40378.

The preferred oxidizing agent is usually MCPBA, and
suitable non-alcobolic organic reaction solvents include
aromatic hydrocarbon solvents, sach as benzene and toluene
or a mixture thereof, and chiorinated aliphatic hydrocarbon
solvents, such as chloroform, 1,2-dichloroethane, and meth-
vlene chloride or & mixtare thereof, in admixture with an
aleohotic solvent, such as methanol, ethanol, isopropanet, or
1-butanol. The preferred non-aleoholic organic reaction sol-
vent is usualty chioroform, methylene chloride, or toluene,
and the preferred alcoholic solvent is ethanol.

Prior processes to omeprazole have numerous disadvan-
tages that limit both the yield and the purity of the final
product,

A significant drawback of such prior methods is incom-
plete oxidative conversion of pyrmetazole into omeprazole
as well as over-oxidation. Two such by-products of over-
oxidation are the sulfome of structural formulza V and the
sulfone-N-oxide of structural formula V1. Incomplete and
over-oxidation, characteristic of the previous methods, arise
from ineffective control over the amount of the oxidizing
agent as well as the manner in which the oxidizing agent is
charged into the reaction vessel. Prior methods do not use
accurately determined amoumnts of the oxidizing agent and
do not provide for careful costrel of its addition to the
reaclion mixture. Incomplete and over-oxidation both con-
tribute to the presence of impurities and loss of yield of the
final desired product,

v

OCH,

5-Methoxy-2{[(4-methoxy-3,5-dimethyl-2-pyridiny)
methylsulfonyl J1H-benzimidazole] sulfons ]

(VI}
GCH,
HLC CH,
= o N OCH;
| V4
= 3
N I\
' o H
Q

5-Methoxy-2-{[(4-methoxy-3,5-dimethyl- 1-o0x0-2-
pyridinyDmethylJsulfonyl -1 H-benzimidazole
[sulfone-N-oxide]

Another disadvantage of prior procedures is the consid-
erable loss of product in the purification and isolation steps
due to solubility of omeprazole in the mother liquors and
solvent washes.

A further drawback concerns diminished product qualily
resulting from ccclusion of residual solvents and reaction
by-products dusing the crystallization steps. It is desirable 1o
elimipate residual levels of organic reaction solvent and
recrystillization solveni impurities in the final crystaliine
product for toxicity/safety reasons.
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It is therefore an object of the present invention to provide
an improved process for the preparation, purification, and
isolation of omeprazole that overcomes the yield and prod-
uct purity limitations of prier methods.

It is alse an object of the invention to provide omeprazole
and compositions of omeprazole having lower levels of
residual non-aleoholic organic rcaction solvent afier the
initial crude reactive crystallization step.

It is a further object of the present invention to provide
omeprazoie and compositions of omeprazole that contais no
residual nop-alcoholic organic reaction sclvent within the
limits of chromatographic detection and lower levels of
residual aicoholic seivent.

SUMMARY OF THE INVENTION

The present invention provides an improved process for
the preparation, purification, and isolation of omeprazole of
the Formula 1. the last chemical transformation in the
preparation of omeprazole is the oxidative conversion of the
sulfide intermediate pyrmetazole of the Formula I into its
sulfoxide derivative omeprazole of the Formula 1,

OCH;
oxidizing agent, buffer,
toloene or CHCH,,
2q. ethanol
OCH;
HsC CHy
S N OCH;
P S_</
N I\
o H
M

In one embodiment of the improved process, the oxidiz-
ing agent is meta-chloroperoxybenzoic acid (MCPBA), and
the non-aleoholic organic reaction solvent is a chlorinated
aliphatic hydrocarbon solvent or an aromatic hydrocarbon
solveat in admixiure with an alcoholic solvent, such as
methancl, ethanol, isopropanol, or I-butanol, in particular,
ethanot. In a class of this embodiment, the chlorinated
aliphatic hydrocarbon solvent is chloroform, 1,2-
dichiorocthane, or methylene chloride or a mixture thercof,
and the aromatic hydrocarbon solvent is berzene or lolvene
or & mixture thereof. 1n a subelass of this class, the chlori-
nated aliphatic hydrocarbon solvent is methylene chioride,
and the aromatic hydrocarbon solvent is toluene. In this
embodiment, exidative conversion of pyrmetazole to ome-
prazole has been optimized by careful coatrol of the amount
of MCPBA charged to the reaction vessel. The use of one
molar equivalent of MCPBA relative to the number of moles
of pyrmetazole mintmizes over-oxidation to the sulfone V
and sulfone-N-oxide VI, and incomplete reaction to give
back pyrmetazole I, resulting in fewer impurities and higher
vields. In another embodiment of the present invention, the
concentration of MCPBA in the charging solution is calcu-
lated using 2 novel analytical method based upon MCPBA
oxidation of 3-methylisoquincline to its N-oxide derivative
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and subsequent HPLC quantitation. Without this assay there
exists no practical way to avoid either over-oxidation or
incomplete conversion of pyrmetazole into omeprazole.

In a further embodiment of the present invention, control
over locelized over-oxidation is achicved by subsurface
addition of MCPBA, providing for eniry of the oxidizing
solutien into the reaction vessel slightly above the agitator
blades and directed perpendicular o the flow from the
impeller, with simultancous control of the reaction tempera-
ture. Incorporation of these novel features inte the process
ensures complete conversion of pyrmetazole inte omepra-
zole with minimal formation of over-oxidized by-products V
and V1,

In another embodiment of the present investion, the
isolation of the crude product has been improved by vacuum
distiilation of the crude agueous phase after extraction of the
reaction mixture prios to crystallization to remove most of
the entrained chiorinated aliphatic hydrocarbon solvent or
aromatic hydrocarbon solvent from the oxidation step. The
conceniration of the aicoholic solvent, in particular ethanol,
is then re-adjusted in order to promote good crystal growih
during the crude crystallization step. The crystallization step
involves a two-stage neutralization with a C,, alkyl
formate, preferably methy! formate, or a solution of formic
acid in aqueous methanol or ethanol, which is added sub-
surfacely through a diptube slightly above the agitator
blades and directed perpendicular to the flow from the
impelier. This mode of addition of the methyl formate or
formic acid solution ensures rapid dispersion of the neutral-
izing agent, which promotes crystal growth over spontane-
ous nucleation. In so doing, ceclusion of mother liquors in
the crystals is minimized. Lowering the concentration of
ammenia, relative {0 that used in prior procedures, in the
ammonia-water wash, necessary to remove color impurities
in the crude product, provides for further improvement in the
vield of omeprazole.

A further embodiment of the present invention concerns
the final purification step. A methanal-water mixture is used
for the crystallization step which is initiated by subsurface
addition of aqueous acetic acid and subsequent seeding with
omeprazole. The same methanol-water mixture is employed
as a displacement wash 1o remove mother lquors and
dissolved impurities while suppressing solubility losses. In
this fashion, sigpificant yield improvements are obtained
with no adverse impact on product quality.

Crystalline omeprazole is thus obtained with significant
improvement in vield and purity. The isolated material
contains no chromatographicaily detectable levels of
residual non-alcoholic organic reaction solvent and ethanol,
and less than 30 p.p.m. of residual methanol.

DETAILED DESCRIPTION OF THE
INVENTION

The instant invention relates to an improved process for
the preparation, purification, and isolation of the proton-
pump inhibitor omeprazole and to wovel compositions
thereof. Omeprazole, having formula I, 15 prepared by
reacting a solution of pyrmetazole, having Formula T,
cooled to about -5 to +5° C. and buffered to & pH of about
6 to 8, with one molar equivalent of an oxidizing agent,
relative to the number of moles of pyrmetazole, dissolved in
a non-alcoholic erganic reaction solvent in admixture with
an alcoholic solvent. The alcoholic solvent is sclected from
methanel, ethanol, isopropanol, and ]-butanol.
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OCH,
oxidizing agent, buffer,
toluene or CH;Cly,
aq, athanol
H,C
OCH;

In one embodiment of the instant improved process, the
buffered solution comprises potassinm bicarbonate, the oxi-
dizing agent is meta-chloroperoxybenzoic acid, and the
nont-aleoholic organic reaction solvent is chloroform, meth-
yiene chioride, or a mixture thereof, or toliene, in admixture
with ethanol. The reaction is carried out such that both the
compleleness and the extent of the oxidation are optimized.
To force the reaction to procced in a near quantitative
fashion, it is necessary that asy excess of the oxidizing
agent, MCPBA, be minimized. Hence, the solution contain-
ing the oxidizing agent is accuralely assayed so that an exact
amount of reagent will be charged to the reaction vessel. In
prior methods, the amount of MCPBA added was based on
the commerciai supplier’s assay number. Since MCPBA
solid contains about 15-25% water for safety reasons, the
solid 1s not homogeneous. Therefore, the manufacturer can
provide only the average assay results of MCPBA. If
MCPBA from different containers and different suppliers is
used, an inaccurate charge of MCPBA will result. A novel
analytical method has therefore been developed to quantily
MCPBA in the charging solution in order 1o deliver an
accurate amount of the oxidizing agent. According o the
assay, an excess amount of 3-methylisoquinoline (II) is
reacted with MCPBA in toluene/ethanol solation to form
3-methylisoquinoline N-oxide (1V), according io the equa-
on:

CHs
= MCPBA
N toluene/LIOHY
= MeCN
HE
\ CH;
= N'\
O

The reaction is fast and quantitative. The remaining tertiary
amine in the reaction mixture is quantitated by reverse-phase
high-perfermance liquid chromatography (RP-HPLC). The
amouni of the amine consumed during the reaction is used
to calculate the concentration of the MCPBA solution.

It is also important that no excess oxidizing agent accu-
mulate during addition of the reagent. This is best accom-
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plished by subsurface addition of MCPBA, such that the
solution enters the batch through a diptube slightly above the
agitator blades and directed perpendicular fo the fiow from
the impelier. This mode of addition provides for immediate
dispersion of the oxidant, thus limiting localized over-
oxidation,

Completeness and extent of oxidation: are aiso enhanced
by controlling the reaction temperature without crystalliza-
tion of the oxidizing agent. The optimum temperature range
is about 0-5° C. for the solution of the oxidizing agent and
about -5 to +5° C. for the reaction mixture throughout the
addition process. Higher temperatures of either the MCPBA
solution or the reaction mixiure witl result in some forma-
tioa of sulfone V and sulfone-N-oxide V1. Likewise, much
lower termperatuses temporarily suppress the oxidation
reaction, which results in a localized accumuiation of the
oxidizing agent that can lead to over-exidation products,

After addition of the solution containing the oxidizing
agent, aqueous base, for example 50% NaOH or KOH, is
added, the solution allowed to age for about 0.5-1.0 hours
at 0-5° ., and the aqueous phase separated from the organic
phase. To minimize residual levels of the non-alcoholic
organic reaction solvent, in particular toluene, chloroform,
or methylene chloride, in the crude product, which translates
into higher levels of volatile non-alesholie orpanic reaction
solvent in the pure producl, il is important o remove as
much enotrained toluene, chloraform, or methylene chioride
as possible from the crude agueous phase. The source of
residual toluene, chloroform, or methyiene chloride is an
emulsion that forms when the crude baich is extracted from
toluene, chlomoform, or methyiene chloride with agueous
base. Removal of residuat solvent may be accomplished by
vacuum distillation of the agueous phase at a pressure of
about 25-70 mm Hg and temperature of about 15-35° C. for
aboui 1-4 hours. In further exemplification, the distiilation
is carried cut at about 50 mm Hg and about 15° C. for 2
hours. The vacuum distillation procedure reduces the pre-
crystallization levels of toluene, chloroform, or methylene
chloride to less than 400 p.p.m. Other options to break up the
emulsion and effect betler phase separation are less cffec-
tive; these include filtration of the crude aqueous phase
through a bed of Celite™, incressing the seithing time, and
addition of a strong electrolyte.

Sinee the distillation process also results in removal of the
alcohol, in particular ethamol, its concentration must be
re-adjusted to approximately 15%, in order to facilitale
crystal growth during the crude crystallization process. A
lower level of the alcoholic solvent, in particular ethanol,
produces finer crystals which are more likely to dissolve
during subsequent washes thereby diminishing vields of the
crude product.

At this point, the reactive crystallization of omeprazole is
initiated and maintzined under controlled condilions.
Approximately 40% of a O, ,-alkyl formate charge, prefer-
ably methyl formate, is added over the firsi 30 minutes to
bring the batch from a pH of about 13.53 to ncar supersatu-
ration at a pH of about 10.6 to 10.8. The methyl formate
addition is accomplished through & diptube which is nar-
rowed at one end 1o create a fine stream and located slightly
above the agitator blades and directed perpendicular fo the
flow frorn the impeller. This technique ensures rapid disper-
sion of the methy! formate so that occlusion of impurities is
minimized. When a pH of about 10.6-10.8 is attained, the
methyl formate addition is discontinued, and the batch is
aged for ten to twenty minutes to allow the temperature to
¢o0l to approximately 20° C, prior to seeding. It is important
to seed between pH 10.6 and 10.8. Below 10.6 spontancous
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nucleation wilt oocur with little crystal growth, if & sufficient
seed bed Is not present. Seeding is effected with pure, milled
omeprazoic (100% by HPLC), and the rest of the methyl
formate is added subsurfacely over 6-8 hours to adjust the
pH to about 9.0-9.3. This crystallization procedure
improves both the yield and purity of the product. Without
being held to a specific mechanism, it is believed that the
purity enhancement is mainly due to preventing occlusion of
mother liguors by promoting crystal growth over nucieation.
Crude omeprazole at this stage contains less than 100 p.p.m.
of residual toluene, chloroform, or methylene chloride, as
determined by gas-liquid chromatographic analysis.
Reactive crystallization of crude omeprazole may also be
carried out by neutralization of the aqueous basic solution of

omeprazole with a solstion of formic acid in agueous |

methanol or ethanol, preferably a solution of 206 (v/v)
formic acid in about 25% agueous methanol, which is added
in a subsurface manner as described in the previous para-
graph. Enough formic acid solution is added in Lhis fashion
1o adiust the pH from about 13.5 to near supersaturation at
a pH of about 10.6 to 10.8. At this stage, seeding is effected
with pure, milled omeprazole {100% by HPLC), and the rest
of the formic acid solution is added subsurfacely over 6-8
hours to adjust the pH to about 9.0-9.3, This alternative
peuiralization procedure with formic acid solution in piace
of methyl formate produces crude crystaliine omeprazole
with larger, more uniform crystals. The average particle size
of the omeprazole crystals obtained with formic acid neu-
ralization is approximately 280 um as costrasted to an
average vparticle size of 180 pm obtained with methyl
formate neutralization. The larger particle size translates into
more eficient contrifugation or filtration isading to signifi-
cantly enhanced productivily on a2 production scale.

The crude crystallized product is then filtered, washed
with 0.01-1.0%, preferably ©.1%, ammonia-water, and then
methanol.

The crude wet omeprazole is then purified by dissolving
it in 2:1-0.5-(v/v} methanol-water solution containing ague-
ous base, preferably 50% NaOH or KOH, at 20° C.,, cocling
the basic solution 1o about 0-5° C., reducing the pH from
>11.0 to approximately 10.5 by subsurface addition through
a parrowed end diptube {configuration of apparatus same as
in crude isolation step) of aqueous acetic acid, preferably
25% aqueous acetic acid, over a 30-minute period, while
maintaining the temperature at 0-5° C. At this point the
batch is seeded with pure omeprazole (100% by HPLC), and
the subsurface addition of 25% aqueous acetic acid is
continued over a 2-4 hour pericd unti a pH of about 9.0 1s
attained. The batch is then aged for 0.5-1.0, preferably 0.5
bours. Following the aging period, the product is fillered,
washed with the same methanol-water mixture to displace
the mother liquors containing the impurities, and finally with
cold methanol. Pure emeprazole is obtained affer vacuum
drying with 2 nitrogen purge at 3050 rem Hg and 30-35°
C.

In one embodiment of the preseat invention, the
methanol-water ratio in this final purification step is 1:1.
Previous methods used a higher methanol to water ratio.
Lowering the proportion of methanol in the solvent mixture
used inn the displacement wash minimizes solubility losses
and provides the purification demands, thereby improving
the yield of the final product without compromising product
quality.

Cryslatline omeprazole obtzined using the improved pro-
cess of the instant invention has an HPLC purity of greater
than 99.94% (arca percentage)} with no detectable levels of
resilual toluese, chloroform, or methylene chloride, or a
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mixture thereof, entrained from the crude step as measured
by gas-liquid chromatography, the detection limit being 3
p-p-m. Prior methods have afforded omeprazole containing
30-100 p.p.m. of residual non-alcobolic organic reaction
solveni, namely toluene, chloroform, or methylene chlornide.
The pure product also coniains less than 30 ppm. of
methanel and no deteciable levels of ethanol as measured by
gas-liquid chromatography, the detection limit being 3
p-p-m. I one embodiment of the present invention, none of
S-methoxy-2-{[{4-methoxy-3,5-dimethyl-2-pyridinyl}
methyljthio - 1H-benzimidazolefpyrmetazole); S-methoxy-
2-{[(4-methoxy-3,5-dimethyl-2-pyridinylymethyl Jsulfonyl}-
1H-benzimidazole (sulfone V) and 5-methoxy-2-{[(4-
methoxy-3,5-dimethyl-1-0x0-2-pyridinyDmethyl }sulfonyl -
1H-benzimidazole(sulfone-N-oxide VI) is present to an
extent greater than 0.04% .

For the preparation of pharmaceutical compositions i the
form of dosage units for oral administration, omeprazole
prepared according to the process of the present invention
may be mixed with a solid, pulverulent carrier, such as
lactose, saccharose, sorbitol, mannitof, starch, amylopectin,
cellulose derivatives or gelatin, as weil as an antifrictien
agent such as magnesium stearale, calcium stearale, and
polvethyleneglycol waxes. The mixture is then pressed into
tablets. If coated tablets are desired, the above-prepared core
may be coated with a coacentrated sohution of sugar, which
may contain gem arabic, gelatin, talc, titanium dioxide, or
with a lacquer dissclved in volalile organic soivent or
mixture of solvents. To this coating various dyes may be
added in order fo distinguish among fablets with different
amounts of active compound present.

Soft gelatin capsules may be prepared which contain a
mixture of pure omeprazole prepared according to the
process of the present invention and vegetable oil. Hard
gelatin capsules may contain granules of the active com-
pourd in combination with a solid, pulverulent carrier, such
as lactose, saccharose, sorbitol, mannitol, potato starch, com
starch, amylopectin, cellulose derivatives, or gelatin.

Pharmaceutical tablets for oral use are prepared in the
following manner. The solid substances are ground or sisved
to a certain particle size, and the binding agent is homog-
enized and suspended in a suitabie solvent. The solid ome-
prazole prepared according fo the process of the present
invention and auxiliary agenis are mixed with the binding
agent solution. The resulting mixture is moistened to form a
uniform suspension having the consistency of wet snow. The
moisiening causes the parlicles fo aggregate slightly, and the
resulting mass is pressed through a stainless steel sieve
baving a mesh size of about 1 millimeter. The layers of the
mixture are dried in carefully controlled drying cabinets for
approximately tea hours to obtain the desired particle size
and consistency. The gramules of the dried mixiure are
sieved to remove any powder. To this mixture,
disintegrating, antifriction, and antiadhesive agents are
added. Finally, the mixture is pressed into tablets using a
machine with the appropriate puaches and dies to obtaio the
desired iablet size. The pressure appled affects the size of
the tablet, its strength and ability to dissolve in water. The
compression pressure used should be in the range of 0.5 to
5 tons. The tablets, especially those which are rough or
bitter, may be coated with a layer of sugar or some other
palatable substance. They are then packaged by machines
having elecironic counting devices.

The following examples illusirate the process of the
present inveation and are not intended 1o limit the scope of
the invention set forth in the claims appended thereto,
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EXAMPLE 1

HPLC Assay of MCPBA Charging Solution
Step A
HPLC Operating Parameters
High-performance liguid chromatography was performed
using a Waters uBondapak C-18 column (4.6x300 mm, 10
pm particle size) with the following additional parameters:
Mobile phase: A=acetopitrile; B=0.1% H,PO,

Mode: isocratic 25% A/75% B at a flow rate of 1.0 !

ml /min
Injection size: 10 4L
Detector wavelength: 254 nm
Run time: 32 min.
Method of quantitation: Area by electronic integration
Approximate tetention times:
3-methylisoquinoline: 3.5 mips.
3-methylisoquinoline N-oxide: 5.7 mins.
MCPBA: 11.4 mins.
Toluene: 25.1 mins.
Step B
Reagents
Acctonitrille (MeCN): HPLC Grade
Water: HPLC Grade
Phosphoric Acid: HPLC Grade
3-Methylisoquinoline: 98%
Sample Diluent: 50/50 (MeCN/0.1% H,PQ,)
Step C
Preparation of 3-Methylisoquinoline Standard
2025 mg of 3-methylisoquinoline (98%) was trapsferred
into a 16 mL volumeliric flask and dissolved in 1.0 mL of
MeCUN. 1.0 mL of MCPBA after warming to room tempera-
ture was carefully pipetted into the flask, and the sides of the
fask were washed with 1.0 mE of MeCN. The flask was then
wrapped with parafilm and senicated for 5 minutes. Afier
cooling, the sides of the flask were washed with 1.0 mL. of
MeCN and the fask sonicated for an additional minute. The
mixture was carefully dilsted to the mark with acetenitrile.
1.0 mL of this solution was transferred by pipet 1o a 25-mlL
volumetric flask and diluted 1o the mark with the sample
diluent from Step B.
Step D
Procedures
The HPLC system was equilibrated for at least 10 minutes
ai the mobile phase condition given in Step A. The standard
preparation from Step C was igjected twice, and the average
area response for lhe 3-methylisoquinoline peaks should
agree within 1% of their average. The sample preparation
was igjected once.
Swep E
Calcuiations
The concentration {(mg/mL) of the MCPBA sclution was
caleulated using, the following equation:

mg/mi of MCPBAP solution={B-(A/AsxCsx250)x172.57/143.19

where:

A=grea response of the 3-methylisoquinoline for the
Sample Solution

B=weight {mg) of the 3-methylisoquinoline in the Sample
Preparation

As=average area response of the 3-methylisequinoline for
the Standard Selution

Cs=concentration of the 3-methylisoquinoline Standard
Preparation
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172.57=formula weight for 3-methylisoquinoline

143.19=formula weight for MCPBA

As an illusiration of the assay, an MCPBA samgple from
Spectrum (Lot# LF0102, 72.7% MCPBA) wus assayed, and
a value of 72.8% (wt. %) for MCPBA was obtained,

EXAMPLE 2

Preparation of Omeprazole With Methylene
Chloride as Solvent

A solution of potassium bicarbonate (14.0 g, 0.140 mo},
1.2 equivalents) in deionized water (115 ml) was added to
a solution of pyrmetazole (0.114 mol) in methylene chioride
(170 ml) is a one-liter, three-necked round-bottom flask,
and the mixture was cooled to 0° C. A solution of meta-
chloreperoxybenzoic acid (MCPBA) (28 g, 0.114 mol, 1.0
equivalent} in methylene chloride (51 mL) and ethanol {13.3
mkE.) was prepared and assayed by the 3-methylisoquinoline/
HPLC procedure described in Example 1 to ensure that
exacily ope molar equivalent of MCPBA is used. The
solution is then cooled between -5° C. and added, subsur-
facely directed at the tip of the impeller, to the rapidly
agitated solution of pyrmetazole over a 2-hour period. The
oxidation conversion was 99.8% with no over-oxidation to
sutfone or N-oxides, as determined by HPLC analysis. Cold
deionized water (115 mL, 5° C.) and 50% NaOH (15 mi.)
were then added to the reaction mixture. The solution was
aflowed to stand at 0-5° C. for thirty minutes and the phases
separated. The methylene chloride layer was discarded and
the aqueous layer concentrated under vacuum (50 mm Hg)
for 2 hours at 15° C. to remove the bulk of the residual
methylene chloride. The ethanol level was then re-adjusted
to 15% v/v. Al this point the residual methylene chloride
level was jess than 200 p.p.m., as determined by gas-liquid
chromatographic analysis.

The crude product was lhen isolated by reactive crystai-
Hization by subsurface addition of methyl formate. Approxi-
mately 40% of the methyl formate charge (approximately 6
mL) was added during the first thisty minutes to adjust the
pH from about 13.5 to 10.8. The mixture was allowed 1o
stand for about twenty minutes to allow the iaternal tem-
peraiure to cool back down to approximately 20° C. The
mixture was seeded with pure omeprazole (0.5 g), and the
remainder of the methyl formate (approximately 9 mL) was
added subsurfacely over a 7-hour period to 2 pH of 9.0. The
crude product was filtered, washed with 0.1% ammonia-
water (50 mL) followed by methanol {40 mL).

The crude product was dissolved in 1:1 methanal-water
(270 mL) and 50% NaOH (4 mL) in a 500-ml., three-
necked, roynd-bottomed flask at 20° C. The solution was
then cooled to 0-5° C. and the pH adjusted from >11.0 to
approximately 10.5 by subsurface addition of 25% acetic
acid over a 30-minute period, maintaiting the temperature at
5% C. The batch was seeded with pure omeprazole (0.5 g),
and the subsurface addition of 25% acetic acid was contin-
ted over a 4-hour period until pH 9.0 was achieved. After
thirty minutes, the resulting solid was filtered, washed with
1:1 methanol-water {30 ml), and Anally with ¢cold (5° C))
methanol (30 mL). Omeprazole was obtained after vacuum
drying (50 mm Hg, 30-35° C)). The overail yield was
92.7%. The residual methano} level was 10 ppm, as deter-
mined by gas-lquid chromatography, with no detectable
levels of methyiene chloride and ethanol (detection Hmit of
3 p.p.m.). The HPLC purity profile (area percentage) of the
isolated omeprazole was found to be:

Omeprazole (I): 99.937
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Pyrmetazole (IT): 0.022

Sulfene N-oxide (VI): 0.031

Sulfone (V) 0.010
using the following HPLC conditions:

Reagents and Sclutions:

Metharol: HPLC Grade

Acetonitrile: HPLC Grade

Water: HPLC Grade

Disodium Hydrogen Phosphate (Na,HPO, anhydrous):

HPLC Grade
Sodivin Dibydrogen Phosphate (NaH,P0O,.H,0): HPLC
Grade

0.5 M Pisodium Hydrogen Phosphaie {Na,HPO,
anhydrous) Solution—Dissolve 71.0 grams of Disodium
Hydrogen Phosphate in 1 liter of water.

1.8 M Sodivm Dihydrogen Phosphate (NaH,PO,.H,0)
Solution—Dissolve 138.0 grams of Sodium Dibydrogen
Phosphate in lliter of water.

pH 7.6 Phosphate Buffer Sclution—Transfer 6.5 mlof the
1.8 M Sodiyvm Dihydrogen Phosphate (NaH,PO,.H,0)
solution and 79.0 ml of the 0.5 M Disodium Hydrogen
Phosphate (Na,HPO, anhydrous) solution to a 5 Hter (3000
ml} bottle and dilute to volwme with water. Adiust pH to
7.6+0.1 with phosphoric acid if necessary. Note: 1f the pH is
nol accurate, the retention time of the pyrmetazole will be
directly affected.

Sampie Prep:

30-35 mg omeprazole is dissolved in 100 ml MeOH.

Chromategraphic Conditions:

Column: Lichrospher RP 8.5, 5 micron, 12.5 cm x4.0 mm.

Mobile Phase: A} MeCN and B) phosphate buffer {ionic
strength 0.025 at pH=7.6).

Mode: isocratic 30/70 A/B.

Flow rate: 1.5 mi/min.

Detector: photodiode array detector at 280 am, bandwidth
32 am, slit set to 16.

Run time: 20.0 mins.

Method of quantitation: Area by clectronic integration.
Relative Relention Times:

Sulfone N-oxide (VI): 0.45 RRT
Sulfone {V): 0.65 RRT
Omeprazole (1) 1.00 RRT
Pyrmetazole (1): 3.67 RRT

EXAMPLE 3

Preparation of Omeprazole With Toluene as
Solvent

A solution of potassium bicarbonate (14.0 g, 0.140 mel,
1.2 equivalents) in deionized water (115 mlL) was added to
a solution of pyrmetazole (0.114 mol) in toluene (310 mL)
in & one-liter, three-necked round-bottom flask, and the
mixture was cooled to 0° C, Following the bicarbonate
addition, a solution of meta-chioroperoxybenzoic acid
{0.114 mol, 1 equivaient} in toluene (33 mL} and ethanol (20
ml.} was assayed and charged to the pyrmetazole solution as
in Example 2. The oxidation conversion was 99.8% with no
over-oxidatioa to sulfone or N-oxides. Cold deionized water
(145 mL, 3° C} and 50% NaOH (12 mL) were then added
to the reaction mixture. The solution was allowed 1o sland at
0-5° C, for thirty minutes and the phases separated. The
toluene layer was discarded and the aqueous layer concen-
trated under vacunm (50 mm Hg) for 2 hours at 15° C. 10
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remove the bulk of the residual toluene. The ethanol level
was then adiusted to 15% v/v. At this point the residuat
ioluene level was less than 400 p.p.m., as determined by
gas-liquid chromatographic analysis.

The crude product was then isolated by reactive crysial-
lization by subsurface addition of methyl formate as in
Example 2. It was filtered, washed with 0.1% ammonia-
water (50 mL) followed by metharol (40 mL). The wet
crude product was then processed to pure omeprazole as in
Example 2. The overall yield was 93.8%, The residual
methanol level was 10 ppm, as determined by gas-liquid
chromatography, with no detectable levels of toluene and
ethanol (detection limit 3 p.p.m). The HPLC purity profile
(area percentage) of the isolaled omeprazole was determined
using the HPLC conditions given in Example 2 and found to
be as follows:

Omeprazole (1) 99.969
Pyrnetazole (IT): 0

Sulfone N-oxide {VI): 0.021
Sulfope (V): 0.010

The HPLC purity profile of isolated omeprazole prepared
according (o the procedures of Examples 2, 3, or 4 in three
additional separate experiments were as follows:

Omeprazole Pyrmetazole Suifone  Suifone-N-oxide

69.541 2.0268 0.0085 0.024

99,964 0.0076 0.0046 0.024

95.924 9.0229 00132 0.040
EXAMPLE 4

Iselation of Crude Omeprazole by Reactive
Crystallization With Formic Acid

The agueous basic solution of omeprazole was prepared
exactly as in Example 2 or 3 to the point of crystailization
of the crude product. A solution of formic acid, methanol,
and water in the ratio of 20:20:60 was then added io the
agueous sotution of crude product in a subsurface manner at
ambjent temperature {o effect crystallization, Approximately
4% of the formie acid solution was added over the first 30
minutes to adjust the pH from about 13.5 to about 10.8, The
batch was then seeded with pure omeprazole (0.5 g), and the
rernainder of the formic acid solution was added subsur-
facely over a seven-hour period 10 a pH of 9.0. The crude
product was then filtered, washed with 0.1% ammonia-water
(50 mL at 20° C.) followed by methanol (40 mL at 5° C.) and
vacium dried (50 mm Hg, 30-35° C.). The yield of the crude
step was 95.4% with a purity of 99.9% (HPLC area
percentage) and a median particle size of 285 um.

EXAMPLE 5

A pharmaceutical composition containing omeprazole
prepared according to the process of the present invention as
the active ingredient is Hlusirated in the following formu-
ialion.

Capsules containing 30 mg of omeprazole of the present
invention were prepared from the following ingredients:
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Compound of Example 2, 3, or 4 300 grams
Lactose T30 grams
Micracrystalline cellulose 40 grams
Hydroxypropyl ceilulose, low-substimuted 62 grams
Disodium hydrogenphosphate 2 grams
Purified water q.8.

The omeprazole of Example 2, 3, or 4 was mixed with the
dry ingredients and granuiated with a solution of disodinm
hydrogenphosphate. The wet mass was forced through an
extruder and sphreronized and dried in 2 fluidized bed dryer.
500 Grams of the pellets were coated with a solution of
bydroxypropyl methylcellulose (30 grams} in water {750
mb.} using a Avidized bed coater. After drying, the pellets
were coated with a second coating as follows:
Coating solation:

Hydroxypropyl methylcelujose phithalate 70 grams
Cetyi alcohol 4 grams
Acetone 200 grams
Ethanal 6060 grams

The final coated pellets were filled into capsules.

What is claimed is:

1. 5-Methoxy-2-{[{4-methoxy-3,5-dimethyl-2-pyridiny])
methyljsuifinyl}- 1H-benzimidazole(omeprazole) of greater
than 99.94% purily as determined by high-performance
liquid chromatography and having less than 500 parts per
million {p.p.m.) of residual ethanol relalive to omeprazole.

2. Omeprazole according 1o claim 1 having less than 50
p.p.m. of residual ethano] relative to omeprazole.

3. Omeprazole according to ¢laim 1 having less than 3
p.p.m. of residual ethanol relative to omeprazole.

4. Omeprazole according to claim 1 wherein none of
5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)
metiryl]thio]-1H-benzimidazole (pyrmetazole); S-methoxy-
2{[(4-methoxy-3,5-dimethyl-2-pyridinyl)methy!|sulfonyl]-
1H-benzimidazole; and 5-methoxy-2-[[(4-methoxy-3,5-
dimethyl-1-ox0-2-pyridinyl)methyllsulfonyl]-1H-
benzimidazole is present to an extent greater than 0.04%.
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5. Omeprazole according to claim 1 further characterized
by having less than 3 pp.m. of residual chloroform or
methylene chloride or 2 mixture thereof refative to omepra-
zole.

6. Omeprazole according to claim 5 farther characterized
by having less than 30 p.p.m. of residual methano! relative
to omeprazoie.

7. Omeprazole according to claim 3 farther characterized
by having less than 3 p.p.m. of residual oluene relative to
omeprazole.

8. Omeprazole according to claim 7 further characterized
by having less than 30 p.p.m. of residual methanot! relative
to omeprazole.

9. Omeprazole according to claim 6 containing less than
3 p.pam. of residual chlorinated aliphatic hydrocarbon sol-
vent relative 10 omeprazole.

10. Omeprazole according to claim 8 containing less than
3 p.p.m. of residual arcmatic hydrocarbon solvent relative to
omeprazele.

11. A composition comprising omeprazole according to
claim 1.

12. The composition sccording to claim 11 wherein the
omeprazole is further characlerized by having less than 3
p-p-m. of residual toluene and less than 30 p.p.m. of residual
methanol relative to omeprazole.

13. The composilion according to claim 11 whersin the
omeprazole is further characterized by having less than 3
p-pm. of residual chloroform or methylene chloride or a
mixture thercof and less than 30 p.p.m. of residual methano!
relative to omeprazole.

14. A pharmaceutical composition comprising omepra-
zole according 10 claim 1 and a pharmacentically acceptable
gxcipient.

15. The pharmaceutical composition of claim 14 wherein
the omeprazole is further characterized by having less than
3 pp.m. of residual toluene and less than 30 p.p.m. of
residual methanol relative 10 omeprazole.

16. The pharmaceutical composition of claim 14 wherein
the omeprazole is further characterized by having less than
3 p.p.m. of residual chloroform or methylene chloride or a
mixture thereof and less than 30 p.p.m. of residuai methanot
relative to omeprazole.
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