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use in medicine, a process for their preparation and their use in the manufacture of
pharmaceutical preparation. The invention also relates to novel intermediates in the

preparation of the compounds of the invention.

10  Background of the invention

The compound 5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-
pyridinyl)methyl]sulfinyl]- 1H-benzimidazole, having the generic name omeprazole,
and therapeutically acceptable alkaline salts thereof are described in EP 5129 and

15  EP 124 495, respectively. Omeprazole and its alkaline salts are effective gastric
acid secretion inhibitors, and are useful as antiulcer agents. The compounds, being
sulfoxides, have an asymmetric center in the sulfur atom, i.e. exist as two optical
isomers (enantiomers). It is desirable to obtain compounds with improved
pharmacokinetic and metabolic properties which will give an improved therapeutic

20  profile such as a lower degree of interindividual variation. The present invention
provides such compounds, which are novel salts of single enantiomers of

omeprazole.

The separation of the enantiomers of omeprazole in analytical scale is described in

25  e.g. J. Chromatography, 532 (1990), 305-19 and in a preparative scale in DE
4035455. The latter has been done by using a diastereomeric ether which is
separated and thereafter hydrolysed in an acidic solution. Under the acidic
conditions needed for hydrolysis of the attached group, omeprazole is quite
sensitive and the acid has to be quickly neutralized with a base to avoid

30  degradation of the acid-sensitive compound. In the above mentioned application
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REPL ACEVENT SHegpncentrated solution of NaOH. This is disadvantageous because there is a great
risk of locally reaching pH values between 1-6, which would be devastating for the
substance. Moreover, instantaneous neutralisation will create heat which will be

5  difficult to handle in large scale production.

The present invention in a further aspect provides a novel method for preparing the
novel compounds of the invention in large scale. This novel method can also be
used in large scale to obtain single enantiomers of omeprazole in neutral form.

10
There is no example known in the prior art of any isolated or characterized salt of
optically pure omeprazole, i.e. single enantiomers of omeprazole neither of any

isolated or characterized salt of any optically pure omeprazole analogue.

15 Detailed description of the invention

The present invention refers to the new Na+, Mg2+, Li+, K+, Ca2+ and N+(R)4
salts of the single enantiomers of omeprazole, where R is an alkyl with 1-4 carbon
atoms, i.e. Na™, Mg2+, Lit, K%, Ca2+ and Nt (R)4 salts of (+)-5-methoxy-2-[[(4-
20 methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]- 1 H-benzimidazole and
(-)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl}sulfinyl}- 1H-

benzimidazole, where R is an alkyl with 1-4 carbon atoms.

Particularly preferred salts according to the invention are the Na™, Ca* and Mg2+
25 salts, i.e (+)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl}-

1H-benzimidazole sodium salt, (-)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-

pyridinyl)methyl]sulfinyl]-1H-benzimidazole sodium salt, (+)-5-methoxy-2-[[(4-

methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]-1H-benzimidazole magnesium

salt, (-)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl}-1H-
30  benzimidazole magnesium salt, (+)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-



2" this is done ‘by- adding ‘rhe"reaction m xture contai ning concentrated
sul furic acid tlglsghee{mggé&;n{aﬁlﬁdd solution of NaCH This is disadvantageous

bécause there is

whi ch woul d be SIHWQHQM“!
neutralisation

scal e producti on.

nmet hod for preparing the novel

novel
scal e.

Mor eover, in
be difficult to

t which will

NS HHEBUAS BEEN

of locally reaching pH val ues between 1-6, ... ...
t he substanc
handl gepader ge

The present invention in a further aspéet

enantionmers of onmeprazole in neutral form
methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]- 1 H-benzimidazole calcium salt.

10

15

20

25

30

provides a

conmpounds of the invention in |arge
Thi's nopﬁldlﬁynhﬁmyqamﬁayﬁqHabenzﬁﬁﬂazme calciyen salehmi (-p-5ahéthoxy-Si[f(g! e

Most preferred salts according to the invention are the optically pure Na® salts of

omeprazole according to compounds la and Ib

OCHq4
HgC N CHg
OCHg5
Z Y
N CHz—s—~<

Né‘

Ia (+)-enantiomer

Ib (-)-enantiomer

(Ia, Ib)

and the optically pure magnesium salts of omeprazole according to compounds Ila

and IIb
OCH4
H3C X CH3
o N OCHg4
Z | /
N CHZ—S—4< |
N

Ila (+)-enantiomer

IIb (-)-enantiomer

(Ia,
1Ib)




Bk

There is no exanpte” known inth pr| or art of any isolated or characterized
salt of opticaldys kbt Hasven R .e. single enantioners of oneprazole

néi t her of any | acterl zed salt of any opti cqlTiyis BUEBT HAS BEEN
oneprazol e anal o N\mn descripti ot of the inventi¢n ThePLICEDENT
i nvention refers new Na+ My2+, Li+, K+, Ca2+ and NF(R)Terr] salts
of the single enantioners of oneprazol e, Wnere Ris an alkyl with 1-4
carbon atons, i.e. Na+, M2+, Li+, K+, Ca2+ and N+(R)[err] salts of

(+) - 5- et hoxy Wifh (héexpm‘sﬁoﬁyoﬁiuﬁﬂgi ot Nyt -s2lspof ordepryzolereishyiédns the (#)y! ] -

1H benzi m dazol e and

(-) - 5- met hoxy- nanpipmenpt AwRprazols Na-salt esgentially freefithe {enpriqmenafi nyl - 1+
benzi m dazol e, ,WhEE £oIR NaSsalarfll ¥ () WnbRtidmér &8Etally #e@"5¥ the (+)-enantiomer,

respectively. Single enantiomers of omeprazole have hitherto only been obtained as

S  syrups and not as crystalline products. By means of the novel specific method
according to one aspect of the invention of preparing the single enantiomers of
omeprazole, the salts defined by the present invention are easy to obtain. In
addition, the salts, however not the neutral forms, are obtained as crystalline
products. Because it is possible to purify optically impure salts of the enantiomers

10  of omeprazole by crystallisation, they can be obtained in very high optical purity,
namely >99.8% enantiomeric excess (e.e.) even from an optically contaminated
preparation. Moreover, the optically pure salts are stable towards racemization both
in neutral pH and basic pH, which was surprising since the known deprotonation at
the carbon atom between the pyridine ring and the chiral sulphur atom was

15  expected to cause racemization under alkaline conditions. This high stability
towards racemization makes it possible to use a single enantiomeric salt of the

invention in therapy.

The specific method of preparation of the single enantiomers of omeprazole is a
20  further aspect of the invention as mentioned above and it can be used to obtain the

single enantiomers of omeprazole in neutral from as well as the salts thereof.

The compounds according to the invention may be used for inhibiting gastric acid
secretion in mammals and man. In a more general sense, the compounds of the

25  invention may be used for the treatment of gastric acid-related diseases and
gastrointestinal inflammatory diseases in mammals and man, such as gastric ulcer,
duodenal ulcer, reflux esophagitis, and gastritis. Furthermore, the compounds may
be used for treatment of other gastrointestinal disorders where gastric antisecretory
effect is desirable e.g. in patients on NSAID therapy, in patients with gastrinomas,

30  and in patients with accute upper gastrointestinal bleeding. They may also be used
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man, especially those involving lysozymal enzymes. Conditions

for treatment Br prophylaxis of inflammatory conditions in mammals, including

that may be

5  specifically mentioned are rheumatoid arthritis and gout. The compound of the

invention may also be useful in the treatment of psoriasis as well as in the

treatment of Helicobacter infections.

Yet a further aspect of the invention is the compound III, which is an intermediate

10 used in the specific method of preparation.
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Preparation

The optically pure compounds of the invention, i.e. the single enantiomers, are

25  prepared by separating the two stereoisomers of a diastereomeric mixture of the

following type, 5- or 6-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-
pyridinyl)methyl}sulfinyl]- 1-[acyloxymethyl]- 1 H-benzimidazole,

30

formula IV
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10  wherein the methoxy substituent in the benzimidazole moiety is in position 5 or 6,
and wherein the Acyl radical is as defined below, followed by a solvolysis of each
separated diastereomer in an alkaline solution. The formed single enantiomers of
omeprazole are then isolated by neutralizing aqueous solutions of the salts of the
single enantiomers of omeprazole with a neutralizing agent which can be an acid or

15  an ester such as methyl formate.

The Acyl moiety in the diastereomeric ester may be a chiral acyl group such as
mandeloyl, and the asymmetric center in the chiral acyl group can have either R or
S configuration.

20
The diastereomeric esters can be separated either by chromatography or fractional

crystallization.

The solvolysis usually takes place together with a base in a protic solvent such as
25 alcohols or water, but the acyl group may also be hydrolysed off by a base in an
aprotic solvent such as dimethylsulfoxide or dimethylformamide. The reacting base

may be OH" or R10" where R! can be any alkyl or aryl group.

To obtain the optically pure Nat salts of the invention, i.e. the single enantiomers

30 of omeprazole Nat salts, the resulting compound is trea_ted with a base, such as

This Shee,
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NaOH, in an aqueous or nonaqueous medium, or with NaOR? wherein R is an
alkyl group containing 1-4 carbon atoms, or with NaNH,. Also alkaline salts
wherein the cation is Li* or KT may be prepared using lithium or potassium salts
of the above mentioned bases. In order to obtain the crystalline form of the Na¥t

5  salt, addition of NaOH in a non-aqueous medium such as a mixture of 2-butanone
and toluene, is preferred.

2+

To obtain the optically pure Mg“" salts of the invention, optically pure Na™ salts

are treated with an aqueous solution of an inorganic magnesium salt such as

2+ 2+ salts

10  MgCl,, whereupon the Mg“" salts are precipitated. The optically pure Mg
may also be prepared by treating single enantiomers of omeprazole with a base,
such as Mg(OR3)2, wherein R3 is an alkyl group containing 1-4 carbon atoms, in a
non-aqueous solvent ‘such as alcohol (only for alcoholates), e.g. ROH, or in an
ether such as tetrahydrofuran. In an analogous way, also alkaline salts wherein the

15  cation is Ca%* can be prepared, using an aqueous solution of an inorganic calcium

salt such as CaC12.

Alkaline salts of the single enantiomers of the invention are, as mentioned above,
beside the sodium salts (compounds Ia and Ib) and the magnesium salts (compound

20  Ila and IIb), exemplified by their salts with Li*, K¥, Ca2* and N*(R) 4> Where R is
an alkyl with 1-4 C-atoms.

For clinical use the single enantiomers, i.e. the optically pure compounds, of the
invention are formulated into pharmaceutical formulations for oral, rectal,

25  parenteral or other modes of administrations. The pharmaceutical formulations
contain the single enantiomers of the invention normally in combination with a
pharmaceutically acceptable carrier. The carrier may be in form of a solid, semi-
solid or liquid diluent, or capsule. These pharmaceutical preparations are a further
object of the invention. Usually the amount of active compound is between 0.1-

30 95% by weight of the preparation, between 0.2-20% by weight in preparations for
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parenteral use and between 1-50% by weight in preparations for oral

administration.

In the preparation of pharmaceutical formulations in form of dosage units for oral
administration the optically pure compound may be mixed with a solid, powdered
carrier, such as lactose, saccharose, sorbitol, mannitol, starch, amylopectin,
cellulose derivates, gelatin or another suitable carrier, stabilizing substances such as
alkaline compounds e.g. carbonates, hydroxides and oxides of sodium, potassium,
calcium, magnesium and the like as well as with lubricating agents such as
magnesium stearate, calcium stearate, sodium stearyl fumarate and
polyethylenglycol waxes. The mixture is then processed into granules or pressed

into tablets. Granules and tablets may be coated with an enteric coating which

protects the active compound from acid catalysed degradation as long as the dosage

form remains in the stomach. The enteric coating is chosen among
pharmaceutically acceptable enteric-coating materials e.g. beeswax, shellac or
anionic film-forming polymers and the like, if preferred in combination with a
suitable plasticizer. To the coating various dyes may be added in order to
distinguish among tablets or granules with different amounts of the active

compound present.

Soft gelatine capsules may be prepared with capsules containing a mixture of the
active compound, vegetable oil, fat, or other suitable vehicle for soft gelatine

capsules. Soft gelatine capsules may also be enteric-coated as described above.

Hard gelatine capsules may contain granules or enteric-coated granules of the
active compound. Hard gelatine capsules may also contain the active compound in
combination with a solid powdered carrier such as lactose, saccharose, sorbitol,
mannitol, potato starch, amylopectin, cellulose derivates or gelatin. The capsules

may be enteric-coated as described above.
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which contain the active substance mixed with a neutral fat base, or they may be
prepared in the form of a gelatine rectal capsule which contains the active
substance in a mixture with a vegetable oil, paraffin oil or other suitable vehicle
for gelatine rectal capsules, or they may be prepared in the form of a ready-made
micro enema, or they may be prepared in the form of a dry micro enema

formulation to be reconstituted in a suitable solvent just prior to administration.

Liquid preparation for oral administration may be prepared in the form of syrups or
suspensions, €.g. solutions or suspensions containing from 0.2% to 20% by weight
of the active ingredient and the remainder consisting of sugar or sugar alcohols
and a mixture of ethanol, water, glycerol, propylene glycol and/or polyethylene
glycol. If desired, such liquid preparations may contain colouring agents, flavouring
agents, saccharine and carboxymethyl cellulose or other thickening agents. Liquid
preparations for oral administration may also be prepared in the form of dry

powder to be reconstituted with a suitable solvent prior to use.

Solutions for parenteral administrations may be prepared as solutions of the
optically pure compounds of the invention in pharmaceutically acceptable solvents,
preferably in a concentration from 0.1 to 10% by weight. These soultions may also
contain stabilizing agents and/or buffering agents and may be manufactured in
different unit dose ampoules or vials. Solutions for parenteral administration may
also be prepared as dry preparations to be reconstituted with a suitable solvent

extemporaneously before use.

The typical daily dose of the active compound will depend on various factors such
as for example the individual requirement of each patient, the route of
administration and the disease. In general, oral and parenteral dosages will be in

the range of 5 to 500 mg per day of active substance.
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addition, the salts, however not the neutral forns, are obtained as
crystalline products. Because it is possible to purify optically inpure
salts of the enantiomers of omeprazole by crystallisation, they can be
obtained in very high optical purity, narrel(&/ [err]99.8% en ' L ¢ excess
(e.e.) even froman optically contam nated preparation. M et '
optically pure salts are stable towards racem zation both L
basi c pH, which was surprising since the known deprotonation at the Ci
at om bet ween tTe ipyértibinrie ilusngtedrtsy thadolddwinglexamplehur at om was expected to
cause racem zation under al kaline conditions. This high stability towards
racem zation makes it possible to use a single enantioneric salt of the

invention in tﬁs&ﬂé’ 1. Prgﬁﬁﬁ_aé&eﬁ Q_)fs-ﬁ%&hgﬂzgjgmaerﬂaﬁa&isoaln@thﬂne single
enantioners o ] E':_I_SpEC O. € I nvention as nentioned

above and it q# Jansestioh i i dlbmer s of omeprazole in
neut r al fr§)m as well as the salts thereof

100 mg (0.3 mmol) of (-)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)-
methyl]sulfinyl]-1H-benzimidazole (contaminated with 3% of the (+)-isomer) was
dissolved in 1 ml of 2-butanone with stirring. 60 pl of an aqueous solution of 5.0
M sodium hydroxide and 2 ml of toluene were added. The resultant mixture was
10  non-homogeneous. In order to obtain a clear solution, more 2-butanone was added
(ca 1 ml) and the mixture was stirred at ambient temperature over night. The
formed precipitate was filtered off and washed with ether. There was obtained 51
mg (46%) of the title compound as white crystals m.p. (decomposition) 246-248°C.
The optical purity (e.6.) which was analyzed by chiral column chromatography was
15  299.8%. [a]%(): +42,8° (¢=0.5%, water).

NMR data are given below.

20  Example 2. Preparation of (-)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-

pyridinyl)methyl]sulfinyl]-1H-benzimidazole sodium salt

100 mg (0.3 mmol) of (+)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)-

methyl]sulfinyl}- 1 H-benzimidazole (contaminated with 3% of the (-)-isomer) was
25  dissolved in 1 ml of 2-butanone with stirring. 60 pl of an aqueous solution of

5.0 M sodium hydroxide and 2 ml of toluene were added. The resultant mixture

was non-homogeneous. In order to obtain a clear solution, more 2-butanone was

added (ca 1 ml) and the mixture was stirred at ambient temperature over night. The

formed precipitate was filtered off and washed with ether. There was obtained 56
30 mg (51%) of the title compound as white crystals m.p. (decomposition) 247-249°C.
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The conpounds according to the invention nmay be used for inhi
acid secretion in mammal s and man. In a nore general sense, the COﬁ%
of the invention may be used for the treatnent of gastric acid-T

di seases and gastrointestinal inflammatory ldi seases in mammals and man,
such as gastric ul cer, duodenal ulcer, reflux esophagitis, and gastritis.
Furt hernore, the conpounds nay be used for treatnent of other
gastrointestinal disorders where gastric antisecretory effect is desirable
e.g. in patientTheptitdAudty (ke pphichi waparialget Dyvéhiral gelainhicheorstographly was
patients with accute u r gastrointestinal bleeding. They may al so be used
REPLACEMVENT SHREY-3%. [a]py = - .1° (c=0.5%, water).

NMR data are given below.

Example 3. Preparation of (+)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-
pyridinyD)methyl]sulfinyl]-1H-benzimidazole magnesium salt

2.9 ml of a 0.1 M solution of NaOH was added to 0.10 g (0.29 mmol) (+)-5-

10  methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]- 1H-
benzimidazole. To this mixture 2 ml methylene chloride was added, and after
mixing in a separatory funnel the aqueous solution was separated off. A solation
of 14 mg (0.145 mmol) MgCl, in water was added dropwise. The formed
precipitate was isolated by centrifugation, and 52 mg (50%) of the product was

15  isolated as an amorphous powder. The optical purity (e.c.) was 98%, and thus the
same as the starting material. The optical purity was determined by
chromatography on an analytical chiral column. [oc]lz)(): +101.2° (c=1%, methanol).
The Mg content of the sample was found to be 3.0%, shown by atomic absorption
spectroscopy.

20
Example 4. Preparation of (+)-5-methoxy-2-[{(4-methoxy-3.5-dimethyl-2-

pyridinyl)methyl]sulfinyl}- 1H-benzimidazole magnesium salt

(-)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl}sulfinyl]- 1H-

25 benzimidazole sodium salt (0.500 g, 1.36 mmol) was dissolved in water (10 ml).
To this mixture 10 ml of an aqueous solution of MgClyxH,O (138 mg, 0.68
mmol) was added dropwise and the formed precipitate was isolated by
centrifugation. There was obtained 418 mg (86%) of the product as a white
powder. The optical purity (ee) of the product was 99.8% which was the same as

30  the optical purity of the starting material. The optical purity was determined by
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which is an internediate used in the specific nethod of preparation.

Example 5. Preparation of (-)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-

pyridinyl )methxllsulfinyll-1H~benzin1idazole magnesium salt

(+)—5-fnethoxy—2—[[ (4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]-sulfinyl]- 1H-

benzimidazole sodium salt (0.165 g, 0.45 mmol) was dissolved in water (3 ml). To

this mixture 2 ml of an agueous solution of MgCl,xH,O (46 mg, 0.23 mmol) was

added dropwise and the formed precipitate was isolated by centrifugation. There

10  was obtained 85 mg (51%) of the product as a white powder. The optical purity

(ee) of the product was 99.9% which was the same or better as the optical purity of

the starting material. The optical purity was determined by chromatography on an

analytical chiral column. [0)3%= -128.2° (c=1%, methanol).
15  Table ]

Ex. Solvent NMR data 8 ppm

1. DMSO-dg  2.20 (s, 3H), 2.22 (s, 3H), 3.69 (s, 3H), 3.72 (s, 3H), 4.37

20 500 MHz (d, 1H), 4.75 (d, 1H), 6.54 (dd, 1H), 6.96
1H), 8.21 (s, 1H).

(d, 1H) 7.30 (4,

2. DMSO-dg  2.20 (s, 3H), 2.22 (s, 3H), 3.69 (s, 3H), 3.72 (s, 3H),
500 MHz 4.38 (d, 1H), 4.73 (d, 1H), 6.54 (dd, 1H), 6.96 (d, 1H), 7.31

25 (d, 1H), 8.21 (s, 1H).

Preparation of the synthetic intermediates according to the invention will be

described in the following examples.
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Example 6. Preparation of 6-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-
pyridinyDmethyl]-(R/S)-sulfinyl]-1-[(R)-mandeloyloxymethyl]-1H-benzimidazole

A solution of 3.4 g sodium hydroxide in 40 ml water was added to a mixture of
14.4 g (42 mmol) tetrabutylammonium hydrogen sulphate and 6.4 g (42 mmol)
(R)-(-)-mandelic acid. The mixture was extracted with 400 ml chloroform. After
separation, the organic extract was heated to reflux with 16.6 g (42 mmol) of the
racemate of 6-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]-sulfinyl]}-
1-[chloromethyl]-1H-benzimidazole. Evaporation of the solvent was followed by
dilution with 100 ml dichloromethane and 700 ml ethyl acetate. The mixture was
washed with 3 x 200 ml water and the organic solution was dried over MgS8O, and
then evaporated. The crude material was purified by recrystallization from 100 ml

acetonitrile, giving 8.1 g of the title compound (38%) as a diastereomeric mixture.
NMR data are given below.
Example 7. Separation of the more hydrophilic diastereomer of 6-methoxy-2-[[(4-

methoxy-3,5-dimethyl-2-pyridinyl)methyl]-(R/S)-sulfinyl]-1-[(R)-

mandeloyloxymethyl]- 1H-benzimidazole

The diastereomers of the title compound in Example 6 were separated using
reversed phase chromatography (HPLC). Approximately 300 mg of the
diastereomeric mixture was dissolved in 10 ml hot acetonitrile which was diluted
with 10 ml of a mixture of aqueous 0.1 M ammoniumacetate and acetonitrile
(70/30). The solution was injected to the column and the compounds were eluted
with a mixture of aqueous 0.1 M ammoniumacetate and acetonitrile (70/30). The
more hydrophilic isomer was easier to obtain pure than the less hydrophilic one.
The work up procedure for the fraction which contained pure isomer was as
follows; extraction with dichloromethane, washing the organic solution with

aqueous 5 % sodium hydrogen carbonate solution, drying over Na,SO4 and

This Shee
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The optically pure conpounds of the invention, i.e. the single enantioners,
are prepared by separating the two stereoi soners of a diastereoneric
m xture of the follow ng type, 5- or

6- met hoxy- 2- [ [ (4- net hoxy- 3, 5- di met hyl - 2- pylfi di nyl ) met hyl ] SUIMHINYHERT HAS BEEN
| -[acyl oxymet hyl ] - 1H benzi m dazole, fornula IV REPLACED

evaporation of the solvent on a rotavapor (at the end of the evaporation the
removal of acetonitrile was facilitated by adding more dichloromethane). Using 1.2
g of the diastereomeric mixture with the above mentioned technique, the more

hydrophilic isomer, 410 mg, was obtained in a pure state as a colourless syrup.

5
NMR data are given below.
Example 8. Preparation of 6-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-
pyridinyl)methyl]-(R/S)-sulfinyl]-1-[(S)-mandeloyloxymethyl]-1H-benzimidazole
10

The product was obtained from 8.1 g (202 mmol) sodium hydroxide in 100 ml
water, 34.4 g (101 mmol) tetrabutylammonium hydrogen sulfate, 15.4 g (101
mmol) (S)-(+)-mandelic acid and 39.9 g (101 mmol) of the racemate of 6-methoxy-
2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]-sulfinyl]- 1-[chloromethyl]- 1H-

15 benzimidazole using the same procedure as in Example 6. Recrystallization from
100 ml acetonitrile yielded 21.3 g, i.e. 41% of the title compound as a

diastereomeric mixture.

NMR data are given below.

20
Example 9. Separation of the more hydrophilic diastereomer of 6-methoxy-2-[{(4-
methoxy-3,5-dimethyl-2-pyridinyDmethyl]-(R/S)-sulfinyl]-1-[(S)-

mandeloyloxymethyl]-1H-benzimidazole

25  The diastereomers of the title compound in Example 8 were separated using
reversed phase chromatography (HPLC) in the same way as in Example 7, but
using the diasteromeric mixture of 6—methoxy-2—[[(4-methoxy-3,5-dimethyl-2—
pyridinyl)methyl]-(R/S)-sulfinyl]- 1-[(S)-mandeloloxymethyl]- 1H-benzimidazole
instead of the (R)-mandelic ester used in Example 7. Using 2.1 g of the

30  diastereomeric mixture, the more hydrophilic isomer, 760 mg, was obtained in a
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ocH3 [err] wherein the net hoxy substituent in the-benzi m dazole
noiety is in position 5 or 6, and wherein the Acyl radical i

bel ow, followed by a sol volysis of each s

pure state as a colourless syrup.

NMR data are given below.

5 Example 10. Preparation of (-)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-
pyridinyD)methyl]-sulfinyl]- 1H-benzimidazole

0.23 g (0.45 mmol) of the more hydrophilic diastereomer of 6-methoxy-2-[[(4-
methoxy-3,5-dimethyl-2-pyridinyl)methyl}sulfinyl]- 1-[(R)-mandeloyloxymethyl]-1H-

10 benzimidazole was dissolved in 15 ml methanol. A solution of 36 mg (0.9 mmol)
sodium hydroxid in 0.45 ml water was added, and after 10 minutes the mixture
was evaporated on a rotavapor. The residue was partitioned between 15 ml water
and 15 iml dichloromethane. The organic solution was extracted with 15 ml water
and to the combined aqueous solutions was added 85 pl (1.4 mmol) methyl

15  formate. After 15 minutes the mixture was extracted with 3x10 ml
dichloromethane. The organic solution was dried over Na,;SOy and then
evaporated. There was obtained 0.12 g (77%) of the title compound as a
colourless syrup. The optical purity (e.c.) which was analyzed by chiral column
chromatography was 94%. [a]1%0= -155° (¢=0.5%, chloroform).

20
NMR data are given below
Example 11. Preparation of (+)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-
pyridiny)methyl]-sulfinyl]-1H-benzimidazole

25

0.76 g (1.5 mmol) of the more hydrophilic diastereomer of 6-methoxy-2-[[(4-
methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]-1-[ (S)-mandeloyloxymethyl]-1H-
benzimidazole was dissolved in 50 ml methanol. A solution of 0.12 mg (3.0 mmol)
sodium hydroxid in 1.5 ml water was added, and after 10 minutes the mixture was
30  evaporated on a rotavapor. The residue was partitioned between 25 ml water and
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separated diastereomer in an alkaline solution. The forned single
enantionmers of oneprazole are then isolated by neutralizing| aguee
solutions of the salts of the single enantjonmers of onepraz e Wi
neutralizing agent which can be an acid orlan ester such as
The Acyl noiety in the diastereoneric ester may be a chiral acyl group suc
as mandel oyl, and the asymretric center in the chiral acyl group can have
either R or S configuration. The di astereoneric esters can be separated
ﬁlst Qlelr b%/ E hr Qrs%l pafc?Wnt ﬁthaliet amﬁidigu;iic solytioraivas 2xtrdotedl with Phemb vlatesiapdi s
u y takes place together with a base in roti ¢ ,.solvent su as
al cohol s or wde dhe combined 8qQueOps splubERS Ya a%degé%géh@&rwg C'Z’pr%glaée'base

han After 15 minutes the mixture was extracted with 3x25 ml dichloromethane. The

organic solution was dried over Na,S0, and then evaporated. There was obtained

5  0.42 g (81%) of the title compound as a colourless syrup. The optical purity (e.e.)
which was analyzed by chiral column chromatography was 98%. [(x]lz)(): +157°
(c=0.5%, chloroform).

NMR data are given below

10
Table 2.
Ex. Solvent NMR data & ppm
6. CDCl, 2.18 (s, 3H), 2.20 (s, 3H), 2.36 (s, 3H), 2.39 (s, 3H),
15 500 MHz 3.77 (s, 3H), 3.78 (s, 3H), 3.82 (s, 3H), 3.87 (s, 3H), 4.80 (d,
1H), 4.88 (d, 1H), 5.0 (m, 2H), 5.34 (s, 2H), 6.43 (d, 1H),
6.54 (d, 1H), 6.6-6.7 (m, 2H), 6.90 (d, 1H), 6.95-6.98 (m,
2H), 7.01 , 1H), 7.2-7.3 (m, 6H), 7.37 (m, 2H), 7.44 (m,
2H), 7.58 (d, 1H), 7.62 (d, 1H), 7.95 (s, 1H), 7.97 (s, 1H).
20
7. CDCl, 2.20 (s, 3H), 2.36 (s, 3H), 3.78 (s, 3H), 3.82 (s, 3H),
500 MHz 4.80 (d, 1H), 5.00 (d, 1H), 5.35 (d, 1H), 6.43 (d, 1H), 6.63
(d, 1H), 6.90 (d, 1H), 6.97 (dd, 1H), 7.2-7.3 (m, 3H), 7.37
(m, 2H), 7.62 (d, 1H), 7.97 (s, 1H).
25
8. CDC13 2.19 (s, 3H), 2.20 (s, 3H), 2.36 (s, 3H), 2.39 (s, 3H), 3.77
500 MHz (s, 3H), 3.78 (s, 3H), 3.83 (s, 3H), 3.87 (s, 3H), 4.80 (d, 1H),
4.88 (d, 1H), 5.0 (m, 2H), 5.34 (s, 2H), 6.43 (d, 1H), 6.54 (d,
1H), 6.6-6.7 (m, 2H), 6.90 (d, 1H), 6.96-6.98 (m, 2H), 7.01

30 (d, 1H), 7.2-7.3 (m, 6H), 7.37 (m, 2H), 7.44 (m, 2H), 7.58 (d,
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aprotic solvent such as dinethyl sul foxi de or dinethylformani de. The

reacting base may be OH+ or Rerr](err] where R err] can be A
To obtain the optically pure Na[err] salts of fthe 'ﬁ%ﬁ t AN BEEN

aryl group.

i .e. the single enantiomers of omeprazole N&+ salts, the re ofFfund
Is treated with a base, such as

10

15

20

25

30

1H), 7.62 (d, 1H), 7.95 (s, 1H), 7.97 (s, 1H).

9. CDCly 2.20 (s, 3H), 2.36 (s, 3H), 3.78 (s, 3H), 3.82 (s, 3H), 4.80
500 MHz (d, 1H), 5.00 (d, 1H), 5.35 (d, 1H), 6.43 (d, 1H), 6.63
(d, 1H), 6.90 (d, 1H), 6.97 (dd, 1H), 7.2-7.3 (m, 3H), 7.37
(m, 2H), 7.62 (d, 1H), 7.97 (s, 1H).

10.  CDCl3 2.18, (s, 3H), 2.22 (s, 3H), 3.68 (s, 3H), 3.83 (s, 3H),
300 MHz 4.77 (m, 2H), 6.93 (dd, 1H), =7.0 (b, 1H), =7.5 (b, 1H), 8.19
(s, 1H).
11.  CDCly 2.21 (s, 3H), 2.23 (s, 3H), 3.69 (s, 3H), 3.84 (s, 3H), 4.76 (m,

2H), 6.94 (dd, 1H), =7.0 (b, 1H), =7.5 (b, 1H), 8.20 (s, 1H).
The best mode of carrying out the invention known at present is to use the sodium
salts of the optically pure compounds of the invention, thus the compounds

described in Example 1 and Example 2.

Pharmaceutical preparations containing the compounds of the invention as active

ingredient are illustrated in the following formulations.

Syrup

A syrup containing 1% (weight per volume) of active substance was prepared from
the following ingredients:

Compound according to Example 2 10 g
Sugar, powder 300 g
Saccharine _ e 06 g
Glycerol This Spege . e 50 8



kerein Rerr]
bfh]bHNH,Sq

NaOH, in an aqueous or nonaqueous nedium or wth NaOR[ erjr
Is an al kyl group containing 1-4 carbon atons, or with
alkaline salts wherein the cation is Li+ or K+ may be pr
l'ithiumor potassiumsalts of the above medBi oned bases.
the crystalline formof the Na+ salt, addition of NaOH in a non-aqueous
medi um such as a m xture of 2-butanone and tol uene, is preferred. To
obtain the optically pure My[err] salts of the invention, optically pure
Na+ salts are Fifahfiflg wgdd an aqueous sol ution of an inorgani c nagyEegi um
salt such as Cllerr wher eupon the My[err] salts are precipitated. The
optically purg/%ﬂgﬂ“é %salts may al so be prepared by treating sin@ e8
enanti oners of h as My(OR[err])2, whe Rl err]
is an al kyl gr ?Sgﬁ%gﬁ‘f%n W&)mﬁncar glmesgf i n a non-agueous go \&dent
such as al cohol (only for aI cohol ates), e.g. RO—l or in an

S Sugar and saccharine were dissolved in 60 g of warm water. After cooling the
active compound was added to the sugar solution and glycerol and a solution of
flavouring agents dissolved in ethanol were added. The mixture was diluted with

water to a final volume of 100 ml

10 Enteric-coated tablets

An enteric coated tablet containing 50 mg of active compound was prepared from

the following ingredients:

15 I Compound according to Example 3 500 g
as Mg salt
Lactose 700 g
Methyl celiulose 6g
20 Polyvinylpyrrolidone cross-linked 50g
Magnesium stearate 15¢
Sodium carbonate 6g
Distilled water q.s.
25 I Cellulose acetate phthalate 200 g
Cetyl alcohol 15¢
Isopropanol 2000 g
Methylene chloride 2000 g
30 1 Compound according to Examp—lfg/pgwdcr, was mixed with lactose and
This gp,
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et her such as tetrahydrofuran. In an anal ogous way, also alkaline salts
wherein the cation is Ca[err] can be prepared, using an aqueous sol ution of

ah inorganic calciumsalt such as CadC [errL Al kal i ne sal S
enantioners of the invention are, as nenti &hed above, beside {' €r i BEEN
salts (compounds la and Ib) and the nmagnesium salts.(conmpou D b
exenplified by their salts with Li+, K+, Ca2+ and N+(R)4, where R is an

al kyl with 1-4 C atons. For clinical use the single enantioners, i.e. the
optically puregranulpredneith au&atéﬁmldmmftmcthylaaeﬁul‘om and ad)didmi carbonate. The

phar maceutical fornulations f oral,, rectal n or ot her des of
adni ni st rat i on¥et TS WFI%? Q%Ia figyerandthe (gg"é’“g’é Fﬁil “i AR o¥pihfter

phar maceuti cal e carrier. carri orm of sol id,
sem - solid orThé dry nhixtiteweas pressed Gatp Saiblet cofésd® Qﬂ@anhlatsé,u&anh aablet

reparations are g further . . . . . .
prep S contz?'mmg 510 mg of active substance, in a tabletting machine using 7 mm diameter

enantionmers of ﬂf}cce\r’ﬁ%}mlﬁg WS riRbd W_ﬁ'}]lgbcﬁmlgfﬁél% e | Thagnesium stearate

punches.

I A solution of cellulose acetate phthalate and cetyl alcolhol in

10  isopropanol/methylene chloride was sprayed onto the tablets I in an Accela CotaR,

Manesty coating equipment. A final tablet weight of 110 mg was obtained.

Solution for intravenous administration

15 A parenteral formulation for intravenous use, containing 4 mg of active compound

per ml, was prepared from the following ingredients:

Compound according to Example 2 4

Sterile water to a final volume of 1000 ml
20

The active compound was dissolved in water to a final volume of 1000 ml. The

solution was filtered through a 0.22 pm filter and immediately dispensed into 10

ml sterile ampoules. The ampoules were sealed.

25 Capsules

Capsules containing 30 mg of active compound were prepared from the following

ingredients:

30  Compound according to Example 1 - _ 300¢g
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object of the invention. Usually the anbunt of active conpound is between
0.1- 95% by wei ght of the preparation, between 0.2-20% by weight in
preparations for

REPLACEMENT SHEET 20

parenteral use and between 1-50% by weight in preparatio sT’flﬁrSH'@EﬁlHAs BEEN
admi ni stration, REPLACED |

Lactose 700 g
Microcrystalline cellulose 40 g
Hydroxypropyl cellulose low-substituted 62 g
Disodium hydrogen phosphate 2g

S  Purified water g.s.

The active compound was mixed with the dry ingredients and granulated with a
solution of disodium hydrogen phosphate. The wet mass was forced through an
extruder and spheronized and dried in a fluidized bed dryer.

10
500 g of the pellets above were first coated with a solution of hydroxypropyl
methylcellulose, 30 g, in water, 750 g, using a fluidized bed coater. After drying,

the pellets were coated with a second coating as given below:

15 Coating solution:

Hydroxypropyl methylcellulose phthalate 70 g
Cetyl alcohol 4g
Acetone 200 g
20  Ethanol 600 g

The final coated pellets were filled into capsules.

Suppositories

25
Suppositories were prepared from the following ingredients using a welding
procedure. Each suppository contained 40 mg of active compound.
Compound according to Example 2 4g
30  Witepsol H-15 180 g
This Shee

//ﬂ/t/ﬂﬂl/ﬁ/fﬂl??il?”



]Ic-n t he preparation of pharmaceutical fornulations in formof dosage units
or oral admnistration the optically pure conpound nay bgsE%ke T

solid, powdered carrier, such as |actose, saccharose, aorbl ﬁtpLiimh é?‘
starch, anylopectin, cellulose derivates, 7glel atin or a

carrier, stabilizing substances such as al kaline conpounds e.g. carbonates,
hydr oxi des and oxi des of sodium potassium calcium magnesium and the |ike

as well as with lubricating agents such as magnesi um stearate, cal cium
stearate, sodiTHY &ki9acympbuithnas Romogenoaslyahixpd evigl WiepsoldddS.atBhe mi xture
IS then processed int o\ﬂ?rag\ul es or pressed int %J Gra?

t abl etsdrr?y betemperabidie @f tHh %mﬁm{g& ‘E@ét"f%gv‘\i*ﬂ‘?: lﬁﬁsé‘?‘&ﬂrg %iﬂ 'zi*atlve
compoun roma S n mai ns
T The st omac HuphOR, Padkages (3PhA sRiLR 08 BANEE cocling 106 Pbkagt Fefe”
accept abl e entigfat Sealeda Badlg supgiositorgicontaingd 40emgwdactishedhpoundr  ani on| c
filmformng polyners and the like, if preferred in conbination with a
suitabl e pPasticizer. To the coating various dyes may be added in order to

di sti ngui sh_ angigihPRlfaids kel AN &Sdiffeldls fitdserent amounts of the active

conmpound pres

The stability of the optically pure compounds of the invention towards
racemization has been measured at low concentrations in refrigerator in aqueous
10  buffer solutions at pH 8, 9.3, 10 and 11.2. The stereochemical stability was
measured by comparing the optical purity for the (-)-isomer of 5-methoxy-2-[[(4-
methoxy-3,5-dimethyl-2-pyridinyl)-methyl]sulfinyl]-1H-benzimidazole in buffer
solution immediately after dissolving and after several days. The measurement was
performed by chromatography on an analytical chiral column. The surprising high
15 stereochemical stability in alkaline conditions for the compounds of invention is
exemplified by the fact that no racemization for the test compound was obtained at
pH 11.2 even after 21 days. At pH 8, 9.3 and 10, the chemical degradation of the
compound is more apparent which makes the racemization measurement more
difficult to perform, however at none of these pH values a detectable racemization

20  was obtained after 16 days.

In another racemization experiment with the optically pure compounds of the
invention, an aqueous phosphate buffer solution (pH=11) of the (+)-isomer of 5-
methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl}-1H-

25 benzimidazole (c=10'5M) was warmed for 26 hours at 37°C without any

racemization at all being observed.
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Soft gel atine capsul es may be prepared wth capsul es containing a m xture
of the active conpound, vegetable oil, fat, or other suitabl g _vehicle for
soft gelatine capsules. Soft gelatine capsul es may al so be gntai &es

as described above. Hard gel atine capsul &2 may contain grg

al so cont ain the active conpound in conbl nat i on wth a solid ovvdered
carrier such as | actose, sacchar ose ' ﬂ I”(I"” m:ﬂm pot at o starch,
anyl opectin, celiditlsose derivates or ul es may be
enteric-coated as described above.

1. Optically pure compounds characterized in that the compounds are

Na™, Mg2+, Lit, KT, Ca2+ and N"'(R) 4 salts of (+)-5-methoxy-2-[[(4-methoxy-

5  3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]- 1H-benzimidazole and (-)-5-methoxy-2-
[[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl}sulfinyl]-1H-benzimidazole, wherein

R is an alkyl with 1-4 carbon atoms.

2. Compounds accordingtoclaim 1 characterized in that the

10 compounds are (+)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-
pyridinyl)methyl]sulfinyl]- 1H-benzimidazole sodium salt, (-)-5-methoxy-2-[[(4-
methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]- 1H-benzimidazole sodium salt,
(+)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]-1H-
benzimidazole magnesium salt, (-)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-

15  pyridinyl)methyl]sulfinyl]-1H-benzimidazole magnesium salt, (+)-5-methoxy-2-[[(4-
methoxy-3,5-dimethyl-2-pyridinyD)methyl]sulfinyl]- 1H-benzimidazole calcium salt
and (-)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]- 1H-

benzimidazole calcium salt.

20 3. Compounds according to claims 1and2 characterized in that the
compounds are (+)-5-methoxy-2-{[(4-methoxy-3,5-dimethyl-2-
pyridinyl)methyl]sulfinyl]-1H-benzimidazole sodium salt, (-)-5-methoxy-2-[[(4-
methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl}- 1H-benzimidazole sodium salt,
(+)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]-1H-

25 benzimidazole magnesium salt and (-)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-
pyridinyl)methyl]sulfinyl]-1H-benzimidazole magnesium salt.

4. Compounds according to claims 1 and 2 characterized in that the
compounds are (+)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]-
30 sulfinyl-1H-benzimidazole sodium salt and (-)- 5-methoxy-2—[[(4—methoxy 3,5-

ced
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9° Dosage units for rectal admnistration may be prepared in the f or m of
suppositories which contain the active substance m xed w t !

base, or they may be prepared in the formof a gelatine regta

whi ch contains the active substance in a mi3dure with a ve
paraffin oil or other suitable vehicle for gelatine rectal capsules
they may be prepared in the formof a ready-nade mcro enema, or they may
be prepared in the formof a dry mcro enena formulation to be

reconstituted idimath§H2pgHlimyDaleURMsulfingl-1 Hrbearinii@aaW odiwh salt i their

crystalline forms.

5. Compounds according to claims 1and 2 characterized in that the
5 compound is (+)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl}-

sulfinyl- 1H-benzimidazole sodium salt in its crystalline form.

6. Compounds according to claims land 2 characterized in that the
compound is (-)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl}-
10  sulfinyl-1H-benzimidazole sodium salt in its crystalline form.

7. Process for the preparation of a compound according to claim 1

characterized in thata diastereomeric ester of formula IV

OCH
15 3
HgC N CH3
av)
# /
20

CH2\OAcyI

wherein Acyl designates a chiral acyl group such as mandeloyl, having either R or

25 S configuration, is separated, and each of the separated diastereomers is dissolved
in an alkaline solution where the acyloxymethyl group is hydrolyzed to give the
optically pure compound.

8. Process accordingtoclaim7 characterized in thatthe

30  diastereomers are separated by chromatography or fractional crystallization.
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Eiquid preparation for oral admnistration may be prepared in the form of
syrups or suspensions, e.g. solutions or suspensions containing fromO0.2%
to 20% by wei ght of the active ingredient and the remai nder consisting of
sugar or sugar al cohols and a nixture of e¥hanol, water, glycerol .
propyl ene glycol and/or polyethylene glycol. If desired, duthisISHREETHAS BEEN }
preparations may contain colouring agents, flavouring agerits, s&EBkefbilhe
and carboxynet hyl cellul ose or other thickening agents. Liqurd preparations
for oral adm nistration may al so be prepared in the formof dry powder to
be reconstituted with a suitable solvent prior to use.  Solutions for
parent eral adrf-ni Bracass eeerdieg tpdaist par B@ macsQ Lt 76k B thah thesoiyalyys y

pure conpounds._of the inv | L. R ' . S,
bt oraly 1 n 5 venhie PLERU el o PhARAGEb! fBetdlins B RONERE kPR .
may al so cont ail¢ohplabi Wheet;Ng PR tis anngiotic delienersucly asdindtbylsulfbxideyohe
manufactured in different_ unit dose anpoules or vials. Solutions for

par ent er al 5 adrdimetylfgrmamideay al so be prepared as dry preparations to be
reconstituted with a suitable sol vent extenporaneously before use.

10. Process for the preparation of a compound according to claim 1 in crystalline
form characterized in that a product from the process in claim 7 is
neutralized with a neutralizing agent which can be an acid or an ester such as

10  methyl formate, followed by treatment with a base in non-aqueous solution.

11. Process for preparation of (+)-5-methoxy-2-[{[(4-methoxy-3,5-dimethyl-2-
pyridinyl)methyl]-sulfinyl-1H-benzimidazole sodium salt and (-)-5-methoxy-2-[[(4-
methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl- 1H-benzimidazole sodium salt in
15 their crystalline foomscharacterized in that (+)-5-methoxy-2-[[(4-
methoxy-3,5-dimethyl-2-pyridinyl)methyl]-sulfinyl]-1H-benzimidazole sodium salt
and (-)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl-1H-
benzimidazole sodium salt crude product respectively is neutralized followed by

treatment with NaOH in a non-aqueous medium.

20
12. Process for the preparation of (+)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-
pyridinyl)methyl]sulfinyl]- IH-benzimidazole and (-)-5-methoxy-2-[[(4-methoxy-3,5-
dimethyl-2-pyridinyl)methyljsulfinyl]- 1H-benzimidazole characterized
in that a diastereomeric ester of formula IV

25
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The typical daily dose of the active conmpound will depend on vari ous
factors such as for exanple the individual requirenent of each patient, the
route of adm nistration and the disease. In general, oral —r

dosages will be in the range of 5 to 500 n@Sper day of ag¢tid SHGEEHASAREEN

REPLACED
OCHg
H3C AN CHS
(Iv)
Z /
5 N CH2—5—< OCHgq

CH?\OAcw

10
wherein Acyl designates a chiral acyl group such as mandeloyl, having either R or
S configuration, is separated, and each of the separated diastereomers is dissolved
in an alkaline solution where the acyloxymethyl group is hydrolyzed off to give the
optically pure compound after neutralization with a neutralizing agent which can be

15 an acid or an ester.

13. Process according to claim 12 characterized in thatthe

diastereomers are separated by chromatography or fractional crystallization.

20 14. Process according to claim 12 characterized in that the solvolysis
is performed in alkaline solution consisting of a base in a protic solvent, such as
alcohols or water; or a base in an aprotic solvent, such as dimethylsulfoxide or

dimethylformamide.

25 15. The compound (+)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-
pyridinyl)methyl]-sulfinyl]- 1H-benzimidazole obtained by the process defined in

claim 12.

16. The compound (-)-3-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]-
30 sulfinyl]-1H-benzimidazole obtained by the process defined in claim 12.

This Sheet K.
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The invention is illustrated by the foll ow ng exanpl es. Exanpl e 1.
Preparation of (+)-5-nethoxy-2-[[(4-nethoxy-3.5-dinethyl
pyridi nyl ) et hyl ] sul finyl]-1H benzi ni dazol e sodi um sal QT —3—rHpl )
of (-)-5-nethoxy-2-([(4-nethoxy-3,5-dimet hgb-2-pyri di nyl
met hyl ] sul finyl]-1H benzi m dazol e (contam nated with 3° .
was dissolved in 1 m of 2-butanone with stirring. 60 pl of an aqueous
solution of 5.0 M sodium hydroxide and 2 m of toluene were added. The
resul tant m xtype m&&ﬂnmrﬁ%ﬂiﬁi@u&onwﬁmﬁg df lopti€alBDpE RompshiRPhccoeding | On,
more 2-butanone was added g and the meure was stirred at anbient
t enper at ure ovér any ghelainm 6f%t§r4¢§lele pesedigntt ate was filtered off and washed
with ether. There was obtained 51 ng (46% of the title conpound as white

crystals mp. (deconposition) 246-248[err]C.

18. Optically pure compounds according to any of claims 1-6 for use in therapy.

19. Use of an optically pure compound according to any of claims 1-6 in the

preparation of a pharmaceutical formulation for inhibiting gastric acid secretion.

20. Use of an optically pure compound according to any of claims 1-6 for the
10 preparation of a pharmaceutical formulation for the treatment of gastrointestinal

inflammatory diseases.

21. A method for inhibiting gastric acid secretion comprising administration to a -
mammal including man in need of such treatment an effective amount of an

15 optically pure compound according to any of claims 1-6.

22. A method for the treatment of gastrointestinal inflammatory diseases

comprising administration to a mammal including man in need of such treatment

an effective amount of an optically pure compound according to any of claims 1-6.
20

23. The compound 6-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)-methyl]-

1-[mandeloyloxymethyl]- 1H-benzimidazole.
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TFhe optical purity (e.e.) which was anal yzed by chiral colum

chromat ography was [err]99.8% [[err]]20= +42,8[err] (c=0.5% water).

NVR data are given bel ow. Exanple 2. Pr egar ation of

(-)-5-nmet hoxy-2-[[ (4- et hoxy- 3, 5-di net hyl

pyridi nyl)nmethyl]sul finyl]-1H benzi m dazol e sodi um sal t 100 mgy (0.3 ol )
of (+)-5-nethoxy-2-[[(4-nethoxy-3, 5-di nethyl - 2-pyri di ny| JTHIS SHEET HAS BEEN
met hyl ] sul fi nyl]-1H benzi mi dazol e (contanmi nated with 3% of t HREPLAFED soner
was di ssol ved Abstdacei of 2-butanone with stirring. 60 pl of an aqueous
solution of 5.0 M sodium hydroxide and 2 m of toluene were added. The
resultant m xture

The novel optically pure compounds Na*, Mg2+, Lit, Kt, Ca?t and NTR) 4 salts
of (+)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]- 1H-

5 benzimidazole or (-)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-
pyridinyl)methyl]sulfinyl]- 1H-benzimidazole, where R is an alkyl with 1-4 carbon
atoms, processes for the preparation thereof and pharmaceutical preparations
containing the compounds as active ingredients, as well as the use of the
compounds in pharmaceutical preparations and intermediates obtained by preparing

10  the compounds.

et Has Been Replaced
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mas~non-honngeneous. In-order to-obtain a clear solution, nore 2-butanone
was added (ca 1 m) and the m xture was stirred at anbient tenperature over

ni:ght. The formed precipitate was filtered off and washed wi th ethel....Fhere
Cocommasitiony 537 540l eryp . c H1t1e compound as WATLE grp(RERIENT SHEET
‘ 13 FEB f?J
| Ybo&1H0 -3
NEW COMPOUNDS I w”?‘a |

Field of the invention

The present invention is directed to new compounds with high optical purity, their

use in medicine, a process for their preparation and their use in the manufacture of

pharmaceutical preparation. The invention also relates to novel intermediates in the

preparation of the compounds of the invention.

Background of the invention

The compound 5-methoxy-2—[[(4-methoxy-3,5-dimethyl-2-
pyridinyl)methyl]sulfinyl]- 1H-benzimidazole, having the generic name omeprazole,
and therapeutically acceptable alkaline salts thereof are described in EP 5129 and
EP 124 495, respectively. Omeprazole and its alkaline salts are effective gastric
acid secretion inhibitors, and are useful és antiulcer agents. The compounds, being

sulfoxides, have an asymmetric center in the sulfur atom, i.e. exist as two optical

- isomers (enantiomers). It is desirable to obtain compounds with improved

pharmacokinetic and metabolic properties which will give an improved therapeutic
profile such as a lower degree of interindividual variation. The present invention
provides such compounds, which are novel salts of single enantiomers of

omeprazole.

The separation of the enantiomers of omepfazolein analytical scale is described in
e.g. J. Chromatography, 532 (1990), 305-19 and in a preparative scale in DE
4035455. The latter has been done by using a diastereomeric ether which is '
sepa.ratéd and thereafter hydrolysed in an acidic solution. Under the acidic
conditions needed for hydrolysis of the attached group, omeprazole is quite
sensitive and the acid has to be quickly neutralized with a base to avoid

degradation of the acid-sensitive compound. In the above mentioned application



The ﬂoptical purity (e.e) which was anal yzed by chiral colu chr onat ography

was [err]99.8% [a][err]= -44.1 (c=0.5% water). NVR dat a | aRepPIcROERENT SHEET

bel ow. Exanpl e 3. Preparation of

(+) - 5-met hoxy- 2-[ [ (4- et hoxy- 3, 5- di net hyl - 2-

pyri di nyl ) met hyl ] sul finvl] - 1H benzi mi dazol e magnesi umsalt | 2 ot FEB 1397

0.1 Msolution of NaOH was added to 0.1@ g (0.29 mol ) (+)-3-
met hoxy- 2-[ ((4- met hoxy- 3, 5-di net hyl - 2- pyri di nyl ) net hyl ] sul fijnyl] -

I
benzi m dazole. To this mxture 2 m nethylene chloride was added—an

H-
ek

m xing in a separatory funnel the aqueous solution was separated off.

thit4s B8nd By 24Ang R feabliSd hikiute bChliRInG coBchAtP AU SR  The
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a concentrated solution of NaOH. This is disadvantageous because there is a great

risk of locally reaching pH values between 1-6, which would be devastating for the

substance. Moreover, instantaneous neutralisation will create heat which will be:

difficult to handle in large scale production.

The present invention in a further aspect provides a novel method for preparing the
novel compounds of the invention in large scale. This novel method can also be

used in large scale to obtain single enantiomers of omeprazole in neutral form.
There is no example known in the prior art of any isolated or characterized salt of
optically pure omeprazole, i.e. single enantiomers of omeprazole neither of any

isolated or characterized salt of any optically pure omeprazole analogue.

Detailed description of the invention

The present invention refers to the new Nat, Mg2+, Li'*', K, Ca2+ and N"'(R)4
salts of the single enantiomers of omeprazole, where R is an alkyl with 1-4 carbon
atoms, ie. Na¥, Mg2*, Lit, K, Ca2* and N*(R) 4 salts of (+)-5-methoxy-2-[[(4-
methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]- lﬂ-beniinﬁdazole and
_(-)-5-methoxy-2-{[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]- 1 H-

benzimidazole, where R is an alkyl with 1-4 carbon atoms.

Particularly preferred salts according to the invention are the Na¥, Ca?* and Mg2+
salts, i.e (+)-5-methoxy-Z-[[(4;meﬂ16xy-3,5-dimethyl-Z-pyridinyl)methyl]sulfinyl]-
1H-benzimidazole sodium salt, (-)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-
pyridinyl)methyl]sulfinyl}- 1 H-benzimidazole sodium salt, (+)-5-methoxy-2-[[(4-
methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl}- |H-benzimidazole magnesium
salt, (-)-5-methoxy-2-{[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]-1H-
benzimidazole magnesium salt, (+)-5-methoxy-2-[{(4-methoxy-3,5-dimethyl-2-



prel:i pitate was isolated by centrifugation, and 52 ng (59% of

t he product

was isolated as an anorphous powder. The optical purity WaS £Tahd
thus the sanme as the starting material. The optical pur{t P&éﬁ%ét‘%ﬁ@pd
by chromat ography on an anal ytical chiral colum. [[err]] F0= +101.

(c=1% nmethanol). The My content of the sanple was foung tio H8
by atom c absorption spectroscopy. Exanpl e 4. Preparati gn .of

%EBE}QE’&L¥VW

(+) - 5- met hoxy- 2-[ [ (4- et hoxy- 3, 5- di net hyl - 2-

A

pyri di nyl ) methyl ] sul finyl]-1H benzi mi dazol e magnesi um sl t*"
(-)-5-net hoxy-2-[[(4-methoxy-3, 5-di net hyl - 2-pyridi nyl)nethyl]sulfinyl]- 1H
benzi m daz d idR Rl : . I _Q_r%' Aaker (10
m). To th gﬁmﬁggurey?]ghlﬁnglgfﬁ‘gﬁe’gz%%dgggkw G%T‘ég‘%ﬁgﬂ Hi@é er rcix)?%bi(al% ny,
0. 68 Ml ) mesisoxyedisdimiethyirl pyriding)rieehyil Bolfing1]pt i bepzitddazrolwcaléisml saited by
centrifugation. There was obtained 418 ng (86% of the product as a white

Most preferred salts according to the invention are the optically pure Na™ salts of

omeprazole according to compounds Ia and Ib

OCHg4
H5C M3
@ N OCH3 (T2, Ib)
Z | /
N CHZ—S—4< [
N

Ne&t

Ia (+)-enantiomer

Ib (-)-enantiomer

and the optically pure magnesium salts of omeprazole according to compounds IIa

and ITb
OCHg
H3C X CHg3 (a,
e N OCHg4 1Ib)
= Iy
N CH2—5—4< |
N

ITa (+)-enantiomer

IIb (-)-enantiomer



powbler. The opti cal

as the optical purity of the starting material. The opti AWaASHEE
determ ned by aﬁEﬂLAdEFL‘{% b -
chromat ography on an anal ytical chiral colum. [[err]][enr]|= +129 g Lc;.,l %
met hanol ) . _x

purity (ee) of the product was 99. 8% which was_the. s

4

e

With the expression "optically pure Na* salts of omeprazole" is meant the (+)-
enantiomer of omeprazole Na-salt essentially free of the (-)-enantiomer of
omeprazole Na-salt and the (-)-enantiomer essentially free of the (+)-enantiomer,
respectively. Single enantiomers of omeprazole have hitherto only been obtained as
syrups and not as crystalline products. By means of the novel specific method
according to one aspect of the invention of preparing the single enantiomers of
omeprazole, the salts defined by the present invention are easy to obtain. In
addition, the salts, however not the neutral forms, are obtained as crystalline
products. Because it is possible to purify optically impure salts of the enantiomers
of omeprazole by crystallisation, they can be obtained in .very high optical purity,
namely 299.8% enantiomeric excess (e.e.) even from an optically contaminated

preparation. Moreover, the optically pure salts are stable towards racemization both

in neutral pH and basic pH, which was surprising since the known deprotonation at

the carbon atom between the pyridine ring and the chiral sulphur atom was

expected to cause racemization under alkaline conditions. This high stability

towards racemization makes it possible to use a single enantiomeric salt of the

invention in therapy.

The specific method of preparation of the single enantiomers of omeprazole is a

further aspect of the invention as mentioned above and it can be used to obtain the

single enantiomers of omeprazole in neutral from as well as the salts thereof.

The compounds according to the invention may be used for inhibiting gastric acid

secretion in mammals and man. In a more general sense, the compounds of the

‘invention may be used for the treatment of gastric acid-related diseases and

gastrointestinal inflammatory diseases in mammals and man, such as gastric ulcer,

duodenal ulcer, reflux esophagitis, and gastritis. Furthermore, the compounds may
be used for treatment of other gastrointestinal disorders where gastric antisecretory
effect is desirable e.g. in patients on NSAID therapy, in patients with gastrinomas,
and in patients with accute upper gastrointestinal bleeding. They may also be used

.4%
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Exa}rpl e 5. Preparation of (-)-5-nethoxy-2-[[(4-nethoxy-3,5-dinethyl-2-

pyridinyl)nmethyllsul finyll-IH benzimdazol e magnesi um sal t]

(+) - 5- met hoxy- 2- [ [ (4- met hoxy- 3, 5- di met hyl - 2- pyri di nyl ) net yRFPb‘mﬁ’MﬂW BHEET

1H benzi m dazol e sodiumsalt (0.165 g, 0.45 mol) was di
(3 mM). To this mxture 2 m of an aqueous solution of My

sl vea T watet

er { BxFRR 1948

—

ng, 0.23 nmmol) was added dropw se and the forned precipitateg was i1sol ated

by centrifugation. There was obtained 85 ng (51% of the

roduct as o Wi

e

powder. The optical purity (ee) of the product was 99. 9% whi ch was the sane

or better as the optical purity of the starting material.

purity was wepaticnisrindnieysicd casnitogicpind preaand pabtgpératvely
[[err]][err]=.-128.2 (c=l% methanol). Tabl e |

The "opti¢al
ho padveapadidm.

aspiration and stress ulceration. The ‘compound of the invention may also be used

for treatment or prophylaxis of inflammatory conditions in mammals, including

man, especially those involving lysozymal enzymes. Conditions that may be

specifically mentioned are rheumatoid arthritis and gout. The compound of the

invention may also be useful in the treatment of psoriasis as well as in the

treatment of Helicobacter infections.

Yet a further aspect of the invention is the compound III, which is an intermediate -

used in the specific method of preparation.

OCH4
HaC G-
Q N
y | /
N CHg—s—«< |
. \ OCHg
CH
2\? cl)H
C—CH
%
o

Preparation

(1)

The optically pure compounds of the invention, i.e. the single enantiomers, are

prepared by separating the two stereoisomers of a diastereomeric mixture of the

following type, 5- or 6-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-

pyridinyl)methyl]sulfinyl]- 1-[acyloxymethyl]- 1 H-benzimidazole, formula IV




Ex. Sol vent NVR data [err] ppm 1. DVSO-d[ err]

2.20 (s, 3H),
2.22 (s, 3H), 3.69 (s, 3H), 3.72 (s, 3H), 4.37 500 MHz (d, 1H),

4.75 (d, 1H), 6.54 (dd, 1H), 6.96 (d, 1H) 7.30 (d,
1H), 8.21 (s, 1H). 2. DVMSO-d[err]  2.20 (s, 3H), 2.2
(s, 3H), 3.72 (s, 3H), 500 Mz  4.38 (d, 1H), 4.

Preparation of the synthetic internediates according to tH
be described in the follow ng exanpl es.

 REBLAGEIENT, SHBET

73 (d, 1A, 6.5
(dd, 1H), 6.96 (d, 1H), 7.31 6 (d, 1H)|,

e

8. 28 FEB 1YY,

i nvention w ||

OCHg
CH

HyC AN 3

T N
Z
N CH2—5—</ | OCHg
| — |
|

CHa~gAcy!

awvy

wherein the methoxy substituent in the benzimidazole moiety is in position 5 or 6,

and wherein the Acyl radicz_ll is as defined below, followed by a solvolysis of each

separated diastereomer in an alkaline solution. The formed single enantiomers of

omeprazole are then isolated by neutralizing aqueous solutions of- the salts of the

single enantiomers of omeprazole with a neutralizing agent which can be an acid or

an ester such as methyl formate.

The Acyl moiety in the diastereomeric ester may be a chiral acyl group such as

mandeloyl, and the asymmetric cernter in the chiral acyl group can have either R or

S configuration.

The diastereomeric esters can be separated either by chromatography or fractional

| .crystallization.

The solvolysis usually takes place together with a base in a protic solvent such as

alcohols or water, but the acyl group may also be hydrolysed off by a base in an

aprotic solvent such as dimethylsulfoxide or dimethylformamide. The reacting base

may be OH" or R1O™ where R can be any alkyl or aryl group.

To obtain the optically pure Nat salts of the invention, i.e. the single enantiomers

of omeprazole Na™ salts, the resulting compound is treated with a base, such as




- 13- Exanpl e 6 Enhancenment of the optical purity by preparing the

magnesi um sal t of
(-)-5-methoxv-2-[[(4-methoxy-3, 5-dmet hyl - 2-pyri di nyl) - met hy ]WLIAPHE'ﬂIEj\Hl\%JEFT
benzi m dazol e i n nonaqueous solution followed by crystallishtfon of sard

sal t ; '3 FEB 1997

i

I 1

NaOH, in an aqueous or nonaqueous medium, or with NaOR? wherein R? is an
alkyl group containing 1-4 carbon atoms, or with NaNH,. Also alkaline salts
wherein the cation is Li* or K™ may be prepared using lithium or potassium salts
of the above mentioned bases. In order to obtain the crystalline form of the Na™*
salt, addition of NaOH in a non-aqueous medium such as a mixture of 2-butaﬂonc
and toluene, is preferred.

To obtain the optically pure Mg2+ salts of the invention, optically pure Nat salts
are treated with an aqueous solution of an inorganic magnesium salt such as

2+ 2+ salts

MgCl,, whereupon the Mg“™ salts are precipitated. The optically pure Mg
may also be prepared by treating single enantiomers of omeprazole with a base,
such as Mg(OR3)2, wherein R> is an alkyl group containing 1-4 carbon atoms, in a
non-aqueous solvent such as alcohol (only for alcoholates), e.g. ROH, or in an
ether such as tetrahydrofuran. In an analogous way, also alkaline salts wherein the
cation is Ca2* can be prepared, using an aqueous solution of an inorganic calcium

salt such as CaC12.

Alkaline salts of the single enantiomers of the invention are, as mentioned above,
-beside tﬁe sodium salts (compounds Ia and Ib) and the magnesium salts (compound
Ila and IIb), exemplified by their salts with Li*, K, Ca?* and N*R) 4» Where R is
an alkyl with 1-4 C-atoms.

For clinical use the single enantiomers, i.e. the optically pure compounds, of the
invention are formulated into pharmaceutical formulations for oral, rectal,
parenteral or other modes of administrations. The pharmaceutical formulations
contain the single enantiomers of the invention normally in combination with a
pharmaceutically acceptable carrier. The carrier may be in form of a solid, semi-
solid or liquid diluent, or capsule. These pharmaceutical preparations are a further
object of the invention. Usually the amount of active compound is between 0.1-

95% by weight of the preparation, between 0.2-20% by weight in preparations for



Magnesi um (0. 11g, 4.5 nmmol) was di ssol ved and reacted w t hpretharebt50-ad-)
at 40[err]Cwith a catalytic anount of nethylene chloride| RERLACEMENT SHEET
was run under nitrogen and was finished after five hours. | Ar—+eem
tenperature a mxture of the two enantioners [90%-)-i songr ang FEB 1997
109 +)-i somer] of 5-nethoxy-2-[[(4- ' )
met hoxy- 3, 5-di net hyl - 2- pyri di nyl ) net hyl ]8ufi nyl ] - 1H benzi n} dazote—{2-84—g+
8.2 mmol) was added to the magnesi um net hoxi de sol ution. {The m xture was
stirred for 12 hours whereupon a small anount of water (0771 'm) was—added—
in order to precipitate inorganic magnesiumsalts. After 30 m nutes
stirring, t j i 1S § L : sol uti on was
concentr at e%ﬁgﬁeﬂgp %‘??fxaag%tﬁé‘{’rﬁ?%sb? d&ughhe\gﬁﬂ-ﬁ%&é&g?ﬁ%gﬁlr ated net hanolic
sol uti on ofadnhigisgatien.i oneric mxture (i.e. the title conopund contan nated
with the (+)-isonmer), with an optical purity (enantioneric excess, e.e) of
80% This mxture was diluted with acetone (100 mM) and after stirring at

. ; . . : . qj
room t enper gt e Hrépatatiba 611"' SﬁHihﬁﬁceuﬁcm&rﬁuﬁhSﬁd i fo%_ecif"%%agé)ml%' ﬁ?@% d1.3g

Addi ti onal stirrlngfor i tration affor

D

m nutes and thereafter fi
administration the optically pure compound may be mixed with a solid, powdered

carrier, such as lactose, saccharose, sorbitol, mannitol, starch, amylopectin,
cellulose derivates, gelatin or anofhcr suitable carrier, stabilizing substances such as
alkaline compounds e.g. carbonates, hydroxides and oxides of sodium, potassium,
calcium, magnesium and the like as well as with lubricating agents such as
magnesium stearate, calcium stearate, sodium stearyl fumarate and
polyethylenglycol waxes. The mixture is then processed into granules or pressed
into tablets. Granules and tablets may be coated with an enteric coating which
‘protects the active compound from acid catalysed degradation as long as the dosage
form remains in the stomach. The enteric coating is chosen among _
pharmaceutically acceptable enteric-coating materials e.g. beeswax, shellac or
anionic film-forming polymers and the like, if preferred in combination with a
suitable plasticizer. To the coating various dyes may be édded in order to
distinguish among tablets or granules with different amounts of the active

compound present,

Soft gelatine capsules may be prepared with capsules containing a mixture of the
active compound, vegetable oil, fat, or other suitable vehicle for soft gelatine

capsules; Soft gelatine capsules may also be enteric-coated as described above.

Hard gelatine capsules méy contain granules or enteric-coated granules of the
active compound. Hard gelatine capsules may also contain the active compound in
combination with a solid powdered carrier such as lactose, saccharose, sorbitol,
mannitol, potato starch, amylopectin, cellulose derivates or gelatin. The capsules

may be enteric-coated as described above.



.crystals and nother |iquor were performed by chronmat ogr
anal ytical chiral colum. The optical purity of the crygt
i quor was found to be 98.4 e.e. and 64.4%e.e., respectli
optical purity (e.e) has been enhanced from 80%to 98.4% sj
crystallising the My-salt froma m xtur@ of acetone and elha
product was crystalline as shown by powder X-ray diffractjon and the ]
magnesi um content was 3. 44% as shown by atom c absorption}spectroseepy—""
[[err][err]= 131.5[err](c=0.5% nethanol).
Dosage units for rectal administration may be prepared in the form of suppositories

which contain the active substance mixed with a neutral fat base, or they may be
prepared in the form of a gelatine rectal capsule which contains the active
substance in a mixture with a vegetable oil, paraffin oil or other suitable véhiqle
for gelatine rectal capsules, or they may be prepared in the form of a ready-made
micro enema, or they may be prepared in the form of a dry micro enema

formulation to be reconstituted in a suitable solvent just prior to administration.

Liquid preparation for oral administration may be prepared in the form of syrups or
suspensions, e.g. solutions or suspensions containing from 0.2% to 20% by weight
of the active ingredient and the remainder consisting of sugar or sugar alcohols
and a mixture of ethanol, water, glycerol, propylene glycol and/or polyethylene
glycol. If desired, such liquid preparations may contain colouring agents, flavouring
agents, saccharine and carboxymethyl cellulose or other thickening agents. Liquid
preparations for oral administration may also be. prepared in the form of dry |

powder to be reconstituted with a suitable solvent prior to use.

Solutions for parenteral administrations may be prepared as solutions of the
optically pure compounds of the'invention in pharmaceutically acceptable solvents,
preferably in a concentration from 0.1 to 10% by weight. These soultions may also
contain stabilizing agents and/or buffering agents and may be manufactured in'
different unit dose ampoules or vials. Solutions for parenteral administration may
also be prepared as dry preparations to be reconstituted with a suitable solvent

extemporaneously before use.

The typical daily dose of the active compound will depend on various factors such
as for example the individual requirement of each patient, the route of
administration and the disease. In general, oral and parenteral dosages will be in

the range of 5 to 500 mg per day of active substance.



Exarfpl e 7 Enhancenent of the optical purity by preparing the magnesi um sal t
of e e
(+) - 5- met hoxy- 2-[ [ (4- et hoxy- 3, 5- di net hyl - 2- pyri di nyl ) - WF}B@&M&MM%}J&EEH

benzi m dazol e i n nonagueous solution followed by crystallf sptton of sard
salt Magnesi um (0. 11g. 4.5 mol) was di ssol ved and refac} e 3iREB 1897
nmet hanol (50 m ) at 40[err]Cwith a thtalytic anount of jrethyl ene

chl oride. The reaction was run under nitrogen and was fjni'shed after five
hours. At roomtenperature a m xture of the t wo enantio rs [90
% +)-isonmer and 10%-)-isoner] of 5-nethoxy-2-[[(4-

met hoxy- 3, el ifRdntvh-ig ilMtlaitdy theEbywingWxhinplds] - | H benzi mi dazol e (2. 84g,

Example 1. Preparation of (+)-3-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-
idinyl)methyl]sulfinyl]- | H-benzimidazole sodium sait

100 mg (0.3 mmol) of (-)-5-methoxy-2-{[(4-methoxy-3,5-dimethyl-2-pyridinyl)-

| methyl]sulfinyl]- IH-benzimidazole (contaminated with 3% of the (+)-isomer) was
dissolved in 1 ml of 2-butanone with stirring. 60 pl of an aqueous solution of 5.0
M sodium hydroxide and 2 ml of toluene were added. The resultant mixture was
non-homogeneous. In order to obtain a clear solution, more 2-butanone was added
(ca 1 ml) and the mixture was stirred at ambient temperature over night. The
formed precipitate was filtered off and washed with ether. There was obtained 51
mg (46%) of the title compouﬁd as white crystals m.p. (decomposition) 246-248°C.
The optical purity (e.e.) which was analyzed by chiral column chromatography was
299.8%. [0130= +42,8° (c=0.5%, water).

‘NMR data are given below.

Example 2. Pregaratioh of (-)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-
idinyD)methyl]sulfinyi]-1H-benzimidazole sodium salt

100 mg (0.3 mmol) of (+)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)-
methyl]sulfinyl}-1H-benzimidazole (contaminated with 3% of tﬁe (-)-isomer) was
dissolved in 1 ml of 2-butanone with stirring. 60 pl of an aqueous solution of

5.0 M sodium hydroxide and 2 ml of toluene were added. The resultant mixture

was non-homogeneous. In order to obtain a clear solution, more 2-butanone was _
added (ca 1 ml) and the mixture was stirred at ambient temperature over night. The
formed precipitate was filtered off and washed with ether. There was obtained 56

mg (51%) of the title compound as white crystals m.p. (decomposition) 247-249°C,




8.2 mmol ) was added to the magnesi um net hoxi de sol uti on.

stirred for 12 hours whereupon a small anount of water ()ﬁEPﬂA‘l}Ekﬁﬁ!aﬂdﬁT
i n order to precipitate inorganic magnesi um salts. Aft¢r 30-pm-r At-€S
stirring, these inorganic salts were filtered off and fh s.g{l3 g;gnﬁ%s
concentrated on a rotavapor. The residue was now a congdernt

nmet hanol i ¢ solution of the enani omerlq m xture (i.e. the
contam nated with the (+)-isoner), #I an optical purity (e.e) of 80%
This mxture was diluted with acetone (100 M) and after lstdrRe—at—ToOOM
terrperature for one hour, a white precipitate was obt ai ned. Additi onal
stirring m nut es thereafter filtration afforded 35 g of the
title co ﬂ%“cgg Wﬂﬁyt(e&é V@’Egl"%as %@ﬁ&ﬁéﬁh%{??lw‘ﬂ& m‘l‘tﬂgaﬁ&' NS 1 i quor
for 24 hoygg;g%t [& l4aneatad sue vafidgr ded another 1.0 g (total yiel d=52%.
Chiral analyses of“the crystals and ‘he second mother |iquor were perforned
by chronmat ography on an anal ytlcal chiral colum. The optical purity of the
first cry was 8% and 99.5%e.e., respectively. The optical
purity of%%ﬁﬁtqﬁﬁﬂwef‘&ﬂﬂ Waias found to be 57%e.e. Thus, the opti cal
purity (e,e) has been enhanced from 80%to approxi mately 99% sinply by

crystallising the My-salt froma m xture of acetone and net hanol. The.
Example 3. Preparation of (+)-5-methoxy-2-[[(4-methoxy-3.5-dimethyl-2- '

pyridinyDmethyl]sulfinyl}-1H-benzimidazole magnesium salt '

2.9 ml of a 0.1 M solution of NaOH was added to 0.10 g (0.29 mmol) (+)-5-
methoxy-2-{{(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]- 1 H-
benzimidazole. To this mixture 2-ml methylene chloride was added, and after
mixing in a separatory funnel the aqueous solution was separated off. A solution
of 14 mg (0.145 mmol) MgCl, in water was added dropwise. The formed
precipitate was isolated by centrifugation, and 52 mg (50%) of the product was
isolated as an amorphous powder. The optical purity (e.e.) was 98%, and thus the
same as the starting material. The optical purity was determined by
chromatography on an analytical chiral column. [oz]zo- +101.2° (c=1%, methanol).
The Mg content of the sample was found to be 3.0%, shown by atomic ébsorption

spectroscopy.

Example 4. Preparation of (+)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2- -
pyridinyDmethyl]sulfinyl}-1H-benzimidazole magnesium salt

(-)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridiny)methyl]sulfinyl]- 1 H-
benzimidazole sodium salt (0.500 g, 1.36 mmol) was dissolved in water (10 ml).
To this mixture 10 ml of an aqueous solution of MgClyxH,O (138 mg, 0.68
mmol) was added dropwise and the formed precipitate was isolated by )
centrifugation. There was obtained 418 mg (86%) of the product as a white
powder. The optical purity (ee) of the product was 99.8% which was the same as
the optical purity of the starting material. The optical purity was determined by



first precipitation was crystalline as shown by powder meyA@EMENE&HEE)ﬁ
and the magnesi um content of the sane fraction was 3.49% sl

absorption spectroscopy. [[err]][err]=+ 35.6[err] (c=0.p" rieémlﬁg?
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chromatography on an analytical chiral column. [a]l%(): +129.9° (c=1%, methancl).

pyridinyl)methylisulfinyl}- 1H-benzimidazole magnesium salt

(+)-5-me_thoxy-2-[[(4;methoxy-3,S-dimethyl-Z-pyridinyl)methyl]-sulfinyl]- 1H-
benzimidazole sodium salt (0.165 g, 0.45 mmol) was dissolved in water (3 ml). To
this mixture 2 ml of an aqueous solution of MgClyxH,O (46 mg, 0.23 mumol) was
added dropwise and the formed precipitate was isolated by centrifugation. There
was obtained 85 mg (51%) of the product as a white powder. The optical purity
(ee) of the product was 99.9% which was the same or better as the optical purity of
the starting material. The optical purity was determined by chromatography on an -
analytical chiral column. [0]30= -128.2° (c=1%, methanol).

Table 1

Ex. Solvent NMR data 3 ppm

1.~ DMSOdg 220 (s, 3H), 2.22 (s, 3H), 3.69 (s, 3H), 3.72 (s, 3H), 4.37
500 MHz (d, 1H), 4.75 (d, 1H), 6.54 (dd, 1H), 6.96 (d, 1H) 7.30 (d,
1H), 8.21 (s, 1H). '

2. DMSO-dg  2.20 (s, 3H), 2.22 (s, 3H), 3.69 (s, 3H), 3.72 (s, 3H),
500 MHz 4.38 (d, 1H), 4.73 (d, 1H), 6.54 (dd, 1H), 6.96 (d, I1H), 7.31
(d, 1H), 8.21 (s, 1H).

Preparation of the synthetic intermediates according to the invention will be

described in the following examples.




Prebar ation of the synthetic internediates according to tﬁp]_rmEMENdinSHEHﬂ

be described in the foll ow ng exanpl egHis S@% g‘?“l“r‘ep r at.iop—of \
6- met hoxv-2-[[ (4- met hoxy- 3, 5-di net hy - 2- R¢pj lfB’P tlhv ]-(F?,‘z) EEE %wvl]-\
0 3

um

[-[ (R - mandel oyl oxynet hyl ] - 1H benzi m daZote—A-se+uiiion | Of
hydroxide in 40 m water was added to a m xture of 14.4 (/"7 Y

acid. The m xture was extracted with 400 m chl or of orm
the organic extract was heated to reflux with 16.6 g (42 nmol) of the
racemat e of

6- met hoxy g2 élsni% £oi¥ors oP sthambxLb A ARMEthEk 3|5 i2-sul finyl]-
1-[chloro ylj- enzi m dazor €. vapora on of the so vent vas fol | oned
by di | uti qxyri . 5 dpkd xymethyd enziidazole The

m xture was washed W|th 3 x 200 m water and the organlc sol ution was dried
over MgSJ err] and then evaporated. The crude material was purified by ‘

recrystal | A 38iutiBR of B 388ui hydroxide in 40 ml water was added to a mixture of-
14.4 g (42 mmol) tetrabutylammonium hydrogen sulphate and 6.4 g (42 mmol).
(R)-(-)-mandelic acid. The mixture was extracted with 400 ml chloroform. After
separation, the organic extract was heated to reflux with 16.6 g (42 mmol) of the
racemate of 6-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]-sulfinyl}-
1-[chloromethyl]-1H-benzimidazole. Evaporation of the solvent was followéd by
dilution with 100 ml dichloromethane and 700 ml ethyl acetate. The mixture was
washed with 3 x 200 ml water and the organic solution was dried over MgSO, and
then evaporated. The crude material was purified by recrystallization from 100 ml

acetonitrile, giving 8.1 g of the title compound (38%) as a diastereomeric mixture.
NMR data are given below.
Example 7. Separation of the more hydrophilic diastereomer of 6-methoxy-2-[[(4-

methoxy-3,5-dimethyl-2-pyridinyDmethyl]-(R/S 1—sulﬁnyt -1-[(R)-
mandeloyloxymethyl]- 1H-benzimidazole

The diastereomers of the title compound in Example 6 were separated using
reversed phase chromatography (HPLC). Appreximately 300 mg of the
diastereomeric mixture was dissolved in IO ml hot acetonitrile which was diluted
with 10 ml of a mixture of aqueous 0.1 M ammoniumacetate and acetonitrile
(70/30). The solution was injected to the column and the compounds were eluted
with a mixture of aqueous 0.1 M ammoniumacetate and acetonitrile (70/30). The
more hydrophilic isomer was easier to obtain pure than the less hydrophilic one.
The work up procedure for the fraction which contained pure isomer was as
follows; extraction with dichloromethane, washing the organic solution with

aqueous 5 % sodium hydrogen carbonate solution, drying over Na,SOy4 and

This Sheet Has Been Replaced




acetonitrile. giving 8.1 g of the title conmpound (38% as a diastereoneri
mxture ~NMVR dat a en bel ow. aupl e 9 Separationyo '
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hydrophilic isomer, 410 mg, was obtained in a pure state as a colourless syrup. -
NMR data are given below.

Example 8. Preparation of 6-methoxy-2-{[(4-methoxy-3.5-dimethyl-2-
- pyridinyl)methyl]-(R/S )-sulfinyl]-1-[(S)-mandeloyloxymethyl]-1H-benzimidazole

The product was obtained from 8.1 g (202 mmol) sodium hydroxide in 100 ml
water, 34.4 g (101 mmol) tetrabutylammonium hydrogen sulfate, 15.4 g (101
mmol) (S)-(+)-mandelic acid and 39.9 g (101 mmol) of the racemate of 6-methoky-
2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]-sulfinyl]-1-[chloromethyl]-1H-
benzimidazole using the same procedure as in Example 6. Recrystallizatibn from
100 ml acetonitrile yielded 21.3 g, i.e. 41% of the title compound as a

diastereomeric mixture.
NMR data are given below.

Example 9. Separation of the more hydrophilic diastereomer of 6-mcthox -2-[[(4-
methoxy-3,5-dimethyl-2-pyridinyl)methyl]-(R/S )-sulfinyl]-1-[(S)-
mandeloyloxymethyl]-1H-benzimidazole

The diastereomers of the title compound in Example 8 were separated using
reversed phase chromatography (HPLC) in the same way as in Exarriplc 7, but
using the diasteromeric mixture of 6-methoxy-.2-[[(4-methoxy-3,5-dimcthyl-2- |
pyridinyl)methyl]-(R/S)-sulfinyl]-1-[(S)-mandeloloxymethyl]-1H-benzimidazole
instead of the (R)-mandelic ester used in Example 7. Using 2.1 g of the

diastereomeric mixture, the more hydrophilic isomer, 760 mg, was obtained in a
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pure state as a colourless syrup.

NMR data are given below.

Example 10. Preparation of (-)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-

pyridinyl)methyl}-sulfinyl]- 1H-benzimidazole

0.23 g (0.45 mmol) of the more hydrophilic diastereomer of 6-methoxy-2-{[(4-
methoxy-3,5-dimethyl-2-pyridinyl)methyi]sulfinyl]-1-[(R)-mandeloyloxymethyl]-1H-

benzimidazole was dissolved in 15 ml methanol. A solution of 36 mg (0.9 mmol)

sodium hydroxid in 0.45 ml water was added, and after 10 minutes the mixture
was evaporated on a rotavapor. The residue was partitioned between 15 ml water
and 15 il dichloromethane. The organic solution was extracted with 15 ml water
and to the combined aqueous solutions was added 85 pl (1.4 mmol) methyl
formate. After 15 minutes the mixture was extracted with 3xl10 ml
dichloromethane. The organic solution was dried oVer_NaZSO4 and then
evaporated. There was obtained 0.12 g (77%) of the title compound as a

-colourless syrup. The optical purity (e.¢.) which was analyzed by chiral column

ch:omatography was 94%. [cx]D = -155° (c=0.5%, chloroform).
NMR data are given below

Example 11. Preparation of (+)-5-methoxy-2-[[(4-methoxy-3.5-dimethyl-2-
pyridinyDmethyl]-sulfinyl]- 1H-benzimidazole

0.76 g (1.5 mmol) of the more hydrophilic diastereomer of 6-méthoxy-2-[[(4-
methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]-1-[(S)-mandeloyloxymethyl]- 1H-
benzimidazole was dissolved in 50 ml methanol. A solution of 0.12 mg (3.0 mmol)
sodium hydroxid in 1.5 mi water was added, and after 10 minutes the mixture was
evaporated on a rotavapor. The residue was partitioned between 25 ml water and
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g (101 nmol) (S)-(+)-nande|ic acid and 39.9 g (101 | ) of the racemate

of 6-nmet hoxy-
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Recr yst al F??g%gﬂrllﬁ dﬁ)%% Ogﬁ 1‘?%‘&:& %PPVES @§u+d§eed rr@water an21% of the

title conpothecconsbined ajuestiessiatens Wamddedmﬁo pul (3.2 mmol) methyl formate

After 15 minutes the mixture was extracted with 3x25 ml dichloromethane. The

organic solution was dried over Na,SO,4 and then evaporated. There was obtained
0.42 g (81%) of the title compound as a colourless syrup. The optical purity (e.e.)
which was analyzed by chiral column chromatography was 98%. [or.]%o: +157°
(c=0.5%. chloroform). '

NMR data are given below
Table 2.

Ex Solvent NMR data & ppm
6. CDCl, 2.18 (s, 3H), 2.20 (s, 3H), 2.36 (s, 3H), 2.39 (s, 3H),
500 MHz  3.77 (s, 3H), 3.78 (s, 3H), 3.82 (s, 3H), 3.87 (s, 3H), 4.80 (d,
1H), 4.88 (d, 1H), 5.0 (m, 2H), 5.34 (s, 2H), 6.43 (d, 1H),
6.54 (d, 1H), 6.6-6.7 (m, 2H), 6.90 (d, 1H), 6.95-6.98 (m,
2H), 7.01 (d, 1H), 7.2-7.3 (m, 6H), 7.37 (m, 2H), 7.44 (m,
2H), 7.58'(d, 1H), 7.62 (d, 1H), 7.95 (s, 1H), 7.97 (s, 1H).

7. CDChL 2.20 (s, 3H), 236 (s, 3H), 3.78 (s, 3H), 3.82 (s, 38D,
500 MHz  4.80 (d, 1H), 5.00 (d, 1H), 5.35 (d, 1H), 6.43 (d, 1H), 6.63
d, 16D, 6.90 (d, 1H), 6.97 (dd, 1H), 7.2-7.3 (m, 3H), 737
(m, 2H), 7.62 (d, 1H), 7.97 (s, 1H).

8.  CDCl; 219 (s, 3H), 2.20 (s, 3H), 2.36 (s, 3H), 2.39 (s, 3H), 3.7
S00 MHz (s, 3H), 3.78 (s, 3H), 3.83 (s, 3D, 3.87 (s, 3H), 4.80 (4, 18D,
4.8 (d, 1H), 5.0 (m, 2H), 5.34 (s, 2H), 6.43 (d, 1H), 6.54 (4,
1H), 6.6-6.7 (m, 2H), 6.90 (4, 1H), 6.96-6.98 (m, 2H), 7.01
(& 1H), 7.2-7.3 (m, 6H), 7.37 (m, 2H), 7.4 (m, 2H), 7.58 (d,
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2.1 g of the diastereoneriH),n7.82 W,eLH), 79! eHNYOIPR)iIH)C | soner, 760 ng,

was obtained in a

0. CDCl, 2.20 (s, 3H), 2.36 (s, 3H), 3.78 (s, 3H), 3.82 (s, 3H), 4.80
500 MHz (d, 1H), 5.00 (d, 1H), 5.35 (d,- 1H), 6.43 (d, 1H), 6.63 _
(d, 1H), 6.90 (d, 1H), 6.97 (dd, 1H), 7.2-1.3 (m, 3H), 7.37

(m, 2H), 7.62 (d, 1H), 7.97 (s, 1H).

10. CDCly 2.18, (s, 3H), 2.22 (s, 3H), 3.68 (s, 3H), 3.83 (s, 3H),
300 MHz 4.77 (m, 2H), 6.93 (dd, 1H), =7.0 (b, 1H), =7.5 (b, 1H), 8.19
(s, 1H).
1. CDChy 2.21 (s, 3H), 2.23 (s, 3H), 3.69 (s, 3H), 3.84 (5, 3H), 4.76 (m,

2H), 6.94 (dd, 1H), =7.0 (b, lﬂ), =7.5 (b, 1H), 8.20 (s, 1H).
The best mode of carrying out the invention known at present is to use the sodium

salts of the optically pure qompdunds of the invention, thus the compounds

described in Example 1 and Example 2.

Pharmaceutical preparations containing the compounds of the invention as active

ingredient are illustrated in the following formulations.

‘Syrup

A syrup containing 1% (weight per volume) of active substance was prepared from
the following ingredients:

Compound according to Example 2 10 g
Sugar, powder - 30.0 g
Saccharine _ : 06 g

Glycerol 50 g
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pure state as a col ourl ess syrup. NVR data are gi ven bel ow.
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Flavouring agent 005¢g
Ethanol 96% _ 50 g
Distilled water g.s. to a final volume of 100 ml

Sugar and saccharine were dissolved in 60 g of warm water. After cooling the
active compound was added to the sugar solunon and glycerol and a solution of
flavouring agents dissolved in ethanol were added The mixture was diluted with
water to a final volume of 100 ml.

Enteric-coated tablets

An enteric coated tablet containing. 50 mg of active compound was prepared from

the following ingredients:

I Compound according to Example 3 _ 500 g
as Mg salt '
Lactose | ' 700 g
Methyl cellulose ' _ 6g
Polyvinylpyrroliddne cross-linked . ' _ . S0g
Magnesium stearate : . 15 g
. B . \
Sodium carbonate This Sheet | 6g
Distilled water l I”ml l”’ll lll’ I’ﬁi ’alced - q.s.
I Cellulose acetate phthalate 200 g
Cetyl alcohol _ | ' 15g
Isopropanol ' 2000 g
Methylene chloride 2000 g

I Compound according to Example 3, powder, was mixed with lactose and



Exaﬁple 12 Preparation of (-)-5-nethoxv-2-[[(4-nmethoxy-3,5-dinethvl-2-
pyri di nyI)rrethyI]-squinyI]-lH—benzim’dazoIe 0.23 g (0.45 mmol ) of the
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met hoxy- 3, 5- di net hyl - 2- pyri di nyl ) | lTISPE-W
Efet hanbl . A dol[GTTon OF 36 T

]- 1H benzi m dazol e was di ssolv d a! _
(0.9 mmol ) sodium hydroxid in 0.45 m ter was added, arnd {af{4gr FEQ 1997
m nutes the m xture was. evaporated on rot avapor. The r¢sijdue was
partitioned between 15 ml vater and 15 m dichl oronet hang. The organic
solution was extracted with 15 mM water and to the conbi jed aqueous

sol utions was added 85 [err]I (1.4 mml) nethyl fornate. After 15 mnutes
t he mi xt urgsanadased swithaa watkr \solutio of Onethyl crtillatdsolandmbdlmnecar‘ﬂibmmr'gml C

sol ution vva dried aqver 2S and then, eva obt ai ned
012 g (79 rofss s TPer AR A YA he GATDAAE el 4 A0 PVernATED1 | cal
purity (e.deyihgWhé ghnkRte 3A8mMiZ&Hwak folyvifyip$blidBhe and magnesium stearate.
The dry mixture was pressed into tablet cores (10 000 tablets), each tablet
containing 50 mg of active substance, in a tabletting machine using 7 mm diameter

punches.

1 A solution of cellulose acetate phthalate and cetyl alcolhol in _
isopropanol/methylene chloride was sprayed onto the tablets I in an Accela CotaR,
Manesty coating equipment. A final tablet wéight of 110 mg was obtained.

Solution for intravenous administration

A parenteral formulation for intravenous use, containing 4 mg of active compound

per ml, was prepared from the following ingredients:

Compound according to Example 2 4g
. Sterile water to a final volume of 1000 ml

The active compound was dissolved in water to. a final volume of 1000 ml. The

solution was filtered through a 0.22 pm filter and immediately dispensed into 10

ml sterile ampoules. The arhpoules were _Sealed.

Capsules

Capsules containing 30 mg of active compound were prepared from the following

ingredients:

is Sheet Has Been Replaced
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met hanol . A sol ufion of 0.12 ny

(3.0 mmol ) sodium hydroxid in 1.5 mM water was added, and gtier.10 ninuies

the m xture was evaporated on a rotavapor.

bet ween 25 LTcto\sl'.\e/at er .and

Microcrystalline cellulose
Hydroxypropyl cellulose low-substituted
Disodium hydrogen phosphate

Purified water

The residue was partitioned
700 g
40 g
62 g
2 g'
q.s.

The active compound was mixed with the dry ingredients and granulated with a

solution of disodium hydrogen phosphate. The wet mass was forced through an
extruder and spheronized and dried in a fluidized bed dryer.

500 g of the pellets above were first coated with a solution of hydroxypropyl

methylcellulose, 30 g, in water, 750 g, using a fluidized bed coater. After drying,

the pellets were coated with a second coating as given below:

Coating solution:

| Hydroxypropyl methylcellulose phthalate
Cetyl alcohol
Acetone
Ethanol

70 g

200 g
600 g

The final coated pellets were filled into capsuieé. '

Suppositories

Suppositories were prepared from the following ingredients using a welding

procedure. Each suppository contained 40 mg of active compound.

Compound according to Example 2

This Sheey H.
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mol ) methyl formate. After 15 m nytes—the.mxture S ext
m di chl oronet hane. The organi ¢ soljuTHiSSHEES RS BEENOTer

t hen evaporated. There was obt ai ned_Q. 42REPUACED) of {t he
a colourless syrup. The optical purity (e.e.) which was a al
col um chrorrat ography was 98% [[err]][&tr]= +157

The active compound was homogenously mixed with Witepsol H-15 at a
temperature of 41° C. The molten mass was volume filled into pre-faBricated
suppository packages to a net weight of 1.84 g. After cooling the packages were

heat sealed. Each suppository contained 40 mg of active compound.

Stability towards racemization at different pH:es

The stability of the optically pure compounds of the invention towards
racemization has been measured -at low concentrations in refrigerator in aqueous
buffer solutions at pH 8, 9.3, 10 and 11.2. The stereochemical stability was
measured by comparing the optical purity for the (-)-isomer of 5-methoxy-2-[[(4-
methoxy-3,5-dimethyl-2-pyridinyl)-methyl]sulfinyl]-1H-benzimidazole in buffer
“solution immediately after diséolving and after. several days. The measurement was
performed by chromatography on an analytical chiral column. The surprising high

~ stereochemical stability in alkaline conditions for the compounds of invention is
exemplified by the fact that no racemization for the test compound was obtained at
pH 11.2 even after 21 days. At pH 8, 9.3 and 10, the chemical degradation of the
corﬂpound is more apparent which makes the racemization measurement more '
difficult to perform, however at none of these pH values a detectable racemization
was obtained after 16 days.

In another racemization experiment with thé opn'caliy pure compounds of the
invention, an aqueous phosphate buffer solution (pH=11) of the (+)'-isomer. of 5-
methoxy-2-[[(4-méthoxy-3,5-dimethyl-Z-pyridinyl)methyl]sulfinyl]-ILI_-

| benzimidazole (c=10'5M) was warmed for 26 hours at 37°C without any

racemization at all being observed.

\



(c=0.5%
NI\/R dat a [err] ppm8 CDO [err] ;, 2.18 (s, 3H),

(33’

chl oroform. NVR data are given below Table 2. Ex. Sol vent
2.20 (s, 3H) 2. 36
(s 3.82

S
Q) Hj00

> Lgxgmm SHeE

ssﬁ 4.80 (d, | BAS'BEEN ] .
ced6. 43 (d, 1H), A
d, 1 6. 95- 6.
m ( 7H3°,7 (m 2H) (T4 (m 13 FEHé ‘i&@,

1H), 7. 62 , , IH)y, 7. 97 ]s

Claims

1. Optcally pure compounds characterized in that the compounds are
Na*, Mg?", Li*, K*, Ca?* and N*(R) salts of (+)-5-methoxy-2-[[(4-methoxy-
3,5-dimethyl-2~pyridinyl)methyl]sulfinylj-ll-l_-bcnzinﬁdazolc and (-)-5-methoxy-2-
[[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]- 1 H-benzimidazole, wherein

R is an alkyl with 1-4 carbon atoms.

2. Compounds according to claim 1 characterized in that the
compounds are (+)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-
pyridinyl)methyl]éulfinyl]— 1H-benzimidazole sodium salt, (-)-5-methoxy-2-{[(4-
methoxy-3,5-dimethyl-Z-pyridinyl)mcthyl]sulf‘myl]-l_I:I_-benzimidazole sodium salt,
(+)-5-methoxy'-2-[[(4-methoxy-3,5-dimethyl-Z-pyridinyI)methyl]sﬁlﬁn_yl]-lﬂ- .
benzimidazole magnesium salt, (-)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-
pyridinyl)methyl]sulfinyl}- 1 H-benzimidazole magnesium salt, (+)-5-methoxy-2-[[(4-
methoxy-3,5- dimethyl-Z-pyridinyl)methyl]sulfinyl] -1H-benzimidazole calcium salt
and (-)-5-methoxy-2-[[(4-methoxy-3 5-d1methyl-2—pyndmyl)methyl]sulfinyl] 1H-

benzmudazole calcium salt.

3. Compounds according to claims 1 and 2 characterize e d in that the
compounds are (+)-5-methoxy-2- [[(4»methoxy-3 5-dimethyl-2-
pyndmyl)methyl]sulf‘myl]-l_I:I_-benzumdazole sodium salt, (-)-5-methoxy-2-{[(4-
mcthoxy~3,5-difnethyl—2-pyridinyl)methyl]sulfinyl]-l_I-_I_-benzimidazole sodium salt, |
(+)-5-methoxy-2-[[(4~methoxy-3,5-dimethyl-Z-pyﬁdinyl)methyl]s_ulﬁnyl]-1_I-_1-
benzimidazole magnesium salt and (-)-S-rriethoxy-Z-[[(4-meth<')xy-3,5-dimethyl-2—

pyridinyl)methyl!]sulfinyl}- 1 H-benzimidazole magnesium salt.

4. Compounds according to claims 1 and 2 characterized in that the
compounds are (+)-5-methoxy-2-{[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]-
sulfinyl-1H-benzimidazole sodium salt and (-)-5-methoxy-2-[[(4-methoxy-3,5-



9 CDC13 2.20 (s, 3H), 2.36 (s, 3H), 3.78 (s, 3H),pd2.LS. .3

500 Mz

(d, 1H,
(m 2H),
2.20 (s,
3.78 (s,
4.88 (d,

1H), 6.6-6.7 (m 2H), 6.90 (d, 1H), 6.96-6.98 (m 2H),

(d, 1H),

4.80 (d, IH, 5.00 (d, 1H-—5.35 (d, 1H), 6.43 0 |
6. 90 (d, 1|-|), 6. 97 (dd, 1H):,THIS$HEE3'}(A[§:) 1 7, gﬁEPLkQEMQ\Iﬁ%hEET

7.62 (d. 1H), 7.97 (s, 1 1 OREPIGIE 219

3H), 2.36 (s, 3H), 2.39 (H)s 30, 377 D[e”]soo 1]3(4:@3@%'7”

3H), 3.83 (s, 3H), 3.87 (s, 3Hg 4.80 (d, 1H),

1H, 5.0 (m 2H), 5.34 (s, 2H). 6.43 (d, 1H, 6.4 (d,
7. 01

7.2-7.3 (m 6H), 7.37 (m 2H), 7.44 (m 2H), 7.58 (d,
dimethyl-2-pyridinyl)methy]sulfinyl-1H-benzimidazole sodium salt in their

crystalline forms.

5. Compounds according to claims 1and 2 characterized in thatthe
compound is (+)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]-

sulfinyl-1H-benzimidazole sodium salt in its crystalline form.
6. Compounds according to claims 1and2 characterized inthatthe
compound is (-)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridiny)methyl]-

sulfinyl-1H-benzimidazole sodium salt in its crystalline form.

7. Process for the preparation of a compound according to claim 1

chara cterized in thata diastereomeric ester of formula IV

awy

OCHg

. This Sheet Has Been Replaced

wherein Acyl designates a chiral acyl group such as mandeloyl, having either R or

CHa~goAcy!i

S configuration, is separated, and each of the separated diastereomers is dissolved
in an alkaline solution where the acyloxymethyl group is hydrolyzed to give the
optically pure compound.

8. Process according to claim7 characterized in thatthe

diastereomers are separated by chromatography or fractional crystallization.

IR R
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1H).
(s.
(d
7.
1H)

. CDCJerr] 2.20 (s, .¥8 . _Z
4. 80 500 Mz (d, 5. B5 (qalﬂia 189%3
6. 63 ( H, 16497 (dd, 1H)

(m 3H), 7.37

e |
1H), 7.62 (d, 1H), 7.95 (s, 1@9@0@\5&@ SHEET
§ =36 ). 3

(m 2H), 7.62 (d"IF), 7.97 (s,

9. Process according toclaim7 characterized in thatthe solvolysis

is performed in alkaline solution consisting of a base in a protic solvent, such as
alcohols or water; or a base in an aprotic solvent, such as dimethylsulfoxide or -

dimethylformamide.

10. Process for the preparation of a compound according to claim 1 in crystalline

form characterized in that a product from the process in claim 7 is

- neutralized with a neutralizing agent which can be an acid or an ester such as

methyl formate, followed by treatment with a base in non-aqueous solution.

11. Process for preparétio_n of (+)-5-methoxy-2—[[(4—methoxy-3,5-dimethyl—2-
pyridinyl)methyl]-sulfinyl-1H-benzimidazole sodium salt and (-)-5-methoxy-2-[[(4-
methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl- 1 H-benzimidazole sodium salt in

their crystalline formscharacteri zed in that_ (+)-5-methoxy-2-[[(4-

methoxy-3,5-dimethyl-z-pyridinyl)methyl]-sulfinyl]-l_}l-bcnzhnidaiole sodium salt .
and (_-)-5-methoxy-z-[[(4~methoxy-3,5-dimethyl-24pyridinyl)mcthyl]sulfinyl; 1H-

- benzimidazole sodium salt crude product respectively is neutralized followed by

treatment with NaOH in a non-aqueous medium.

12. Process for the preparation of (+)- S-methoxy;2-[[(4-methoxy-3 5-dimethyl-2-
pyndmyl)methyl]sulfinyl]-lH-benzumdazole and (-)-5-methoxy-2-[[(4-methoxy-3,5-
d1methyl-2-pyndmyl)methyl]sulfinyl]-lH-benzmudazole character 1 zed

in that a diastereomeric ester of formula IV

This Sheet Has Been

II!I T




12. oDd[err] 2.18, (s, 3H), 2.22 (s, 3H), 3.68 (3—3H—3-83

3H), 300 MHz 4.77 (m 2H), 6.93 (dd, 1H), =7. OREMACEMENT_é'-iSEYE,
1H), 8.19 (s Hlls”\ 1.3._Cbd 3 2-2+s8H)|,
2.23 (5, 3H), 3.69 (s, 3H, 3.84 (% ﬁEET BT 13 FER 997
2H), 6.94 (dd, 1H), =7.0 (b, 1H) =X aR 20 (s,i 1H) . e bf,‘St
node of carrying out the invention knén at presen I s tjo e-tre—sodium
salts of the optically pure conpounds of the invention, |thus the conpounds

described in Exanple 1 and Exanple 2. Phar maceuti cal preparatrtons
cont ai ni ng the conpounds of the invention as active ingredient are
illustrated in the follow ng fornul ati ons.

OCH3
HgC N CH3
(Iv)
P , :
N CHZ—-—S—-</ OCH3
T

- This Sheet Has Been

CHo~oney LT

wherein Acyl designates a chiral acyl group such as mandeloyl, having either R or
S configuration, is éeparated, and each of the separated diastereomers is dissolved

in an alkaline solution where the acyioxymcthyl group is hydrolyzed off to give the
optically pure compound after neutralization with a neutralizing agent which can be

an acid or an ester.

13. Process according to claim 12 characterized in that the

diastereomers are separated by chromatography or fractional crystallization.

14. Process according to claim 12 characterized in that the solvolysis
is performed in alkaline solution consisting of a base in a protic solvent, such as
alcohols or water; or a base in an aprotic solvent, such as dunethylsulfoxlde or

dimethylformamide.

15. The compound (+)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-
pyridiny)methyl]-sulfinyl]-1H-benzimidazole obtained by the process defined in
claim 12.

16. The compound (-)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]-
sulfinyl]-1H-benzimidazole obtained by the process defined in claim 12.

AN U AV



S vruD A syrup containing 1% (wei ght per volune) of acti bhstance was

prepared fromthe foll ow ng ingredients: Conmpound accor di 'MPLRC@YBWP@{E%T
1.0 g Sugar, powder

. THIS SHEET HAS BEEN
30.0 g Sacchari ne :
0.6 g dycerol - REPLACED 13 FEB 1897
509 26

17. Pharmaceutical preparation containing an optically pure compound according

to any of claims 1-6 as active ingredient.
18. Optically pure compounds according to any of claims 1-6 for use in therapy.

19. Use of an optically pure compound according to any of claims 1-6 in the

preparation of a pharmaceutical formulation for inhibiting gastric acid secretion.

20. Use of an optically pure compound according to any of claims 1-6 for the
preparation of a pharmaceutical formulation for the treatment of gastrointestinal

inflammatory diseases.

21. A method for inhibiting gastric acid secretion comprising administration to a °
mammal including man in need of such treatment an effective amount of an

optically pure compound according to any of claims 1-6.

22. A method for the treatment of gastrointestinal inflammatory diseases
comprising administration to a mammal including man in need of such treatment

an effective amount of an optically pure corﬁpound according to any of claims 1-6.
23. The compound 6-methoxy—2-[[(4—methoxy-3 5- dnnethyl-2-pyndmyl)—methyl]-

1-[mandeloyloxymethyl]- 1H-benzimidazole.

-_— ced
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- 20 - Fl avouri ng agent
0.05 ¢ Et hanol 96%

5.0 g Distilled water g.s. to a final volune of REPLACEMENT SHEET
100 m Sugar and saccharine wer ¢ His SHEREHASBEEY ¢ [of FWarTmwater-
After cooling the active conpound|was arRERACES the sygar '$@ gEiRomaanc
gl ycerol and a sol ution of o

- 27 -

NEW COMPOUNDS

Abstract

The novel optically pure compounds Nat, Mgz"' Lit, Kt, C + and N"'(R) salts
of .(+)-5-methoxy—2—[_[(4~methoxy—3,5-d1methyl-z-pyndmyl)metjhyl]sulfinyl] 1H-
benzimidazole or (-)-S-methoxy-z-[[(4-methoxy.-3,5-dimethyl-2-
pyridinyl)methyl]sulfinyl]-1H-benzimidazole, where R is an alkyl witﬁ 1-4 carbon
atoms, processes for the preparatiox{ thereof and pha:maceutical._preparations
containing the compounds as active ingredients, as well as the Juse of the
compounds in pharmaceutical preparations and intermediates obtained by preparing

the coinpounds.

Thls She
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wer e adde The m xture was dil uted

f I*avouri ng agents di ssol ved in ethanol
=Wth water to a final volunme of 100 %’)’%T terlc coated tab
“ An enteric coated tablet containi ng 500’[ act ive c
from the follow ng ingredients: o
500 g as My salt Lact ose
700 g - 13 -
X | e ; i v

Magnesium (0.11g, 4.5 mmol) was dissolved and reacted with methanal (50 rnl)~at
40°C with a catalytic amount of methylene chloride. The reaction was run under
nitrogen and was finished after five hours. At rcom temperature a mtixture of the
two enantiomers [90 % (-)-isomer and 10 %(+)-isomer] of 5-methoxy-2-{[(4-
methoxy-3,5-dimethyl-2-pyridinyl)methyl}sulfinyi]-1 H-benzimidazole (2.84 g, 8.2
mmol) was added to the magnesium methoxide solution. The mixture was stired for
12 hours whereupon a small amount of water (0.1 ml) was added in order to
precipitate inorganic magnesium salts. After 30 minutes stirring, these inorzanic
salts were filtered off and the solution was concentrated on a rotavapor. The residue
was now a concentrated methanolic soiution of the enantiomeric mixture (i.e. the
ttle compound contaminated with the (+)-isomer), with an optical purity
(enantiomeric excass, g,e,) of 80%. This mixture was diluted with acetone (100 mi)
and after stirring at room temperature for 15 minutes, a whits precipitate was
cbained. Additional stirring for 15 minutes and thereafter filtration afforded 1.3 g
-(50%) of the title compound as white crystals. Chiral analyses of the crystals and
mother liquor were performed by chromatography on an analytical chiral column.
The optical purity of the crystals and mother liquor was found to be 98.4 ., and
64.4% g.e,, respectively. Thus, the optical purity (e.¢.) has been eahanced from
80% to 98.4% simply by crystallising the Mg-salt from a mixture of acstone and
methanol. The product was crystalline as shown by powder X-ray diffraction and
the magnesium content was 3.44% as shown by atomic absorption spectroscopy.

(alp®=-131.5> (¢=0.5%, methanol).



Metshyl cel | ul ose

6 ¢

+ Pol yvi nyl pyrrolidone cross-1|inked 50 g
Magnesi um st ear at e A5
Sodi um car bonat e REPLp@EN&Ni SHEET
Distilled water U s. T
Cel I ul ose acetate phthal ate . _ OcgP 1897
Cetyl al cohol 14 @?5 g
| sopr opanol 200077
Met hyl ene chl ori de 2000 g I

Conmpound according to Exanple 3, powder,
7 _E t :

was nm xed with |'actose and

ity by ine t

o

Magnesium (0.11g, 4.5 mmol) was dissoived and reacted with methanol (50 ml) at
40°C with a catalytic amount of methylene chloride. The reaction was run under
nitrogen and was finished after five hours. At room temperature a mixture of the
two enantomers [90% (+)-isomer and 10%(-)-isomer] of 5-methoxy-2-{[(4-
methoxy-3,5-dimethyt-2-pyridinyl)methy(]sulfinyl]- | H-benzimidazole (2.84¢,

8.2 mmol) was added to the magnesium methoxide solution. The mixturs was
stirred for 12 hours whereupon a small amount of water (0.1 ml) was added in order
to precipitate inorganic magnesium salts. After 30 minutes stirring, these inorganic
salts were filtered off and the solution was concentrated on a rotavapor. The residue
was now a concentrated methanolic solution of the enantiomeric mixture (i.e. the
title compound contaminated with the (+)-isomer), with an optical purity (e.e.) of
80%. This mixture was diluted with acetone (100 ml) and after stirring at room |
temperature for one hour, 2 white precipitate was obtained. Additional stirring for
30 minutes and thereafter filtration afforded 0.35 g of the title compound as white
crystals. Additional stirring of the mother liquor for 24 hours at room temperature
afforded another 1.0 g (total yield =52%). Chiral analyses of the crystals and the
second mother liquor were performed by chromatography oa an analytical chiral
column. The optical purity of the first crystals was 98.8% ¢.e. and 99.5% c.c,,
respecdvely. The optical purity of the mother liquor was found to be 57% g2,
Taus, the optical puriry (g&) has been eahanced from 80% to approximately 99 %
simply by crystallising the Mg-salt from a mixture of acetone and methanol. The
first precipitation was crystalline as shown by powder X-ray diffraction and the
magnesium content of the same fraction was 3.49% as shown by atomic absorpdori

spectroscopy. (@] p-0=+135.6° (¢=0.5%, methanol).



-21- granul ated with a water solution of nethyl cellulose and sodi um
» carbonate. The wet mass was forced through a sieve and the granul ate drie
in an oven. After drying the granulate was m xed with pol yv

and magnesi um stearate. The dry m xture was pressed into tlaB

000 tablets), each tabl et
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Preparation of the synthetic intermediates according to the inventon will be

described in the following examples.

Example 8 Preparacion of 6-methoxv-2-[[(4-methoxv-3.5-dimethvl-2-

pyridinvDmethvl]-(R/S)-sulfinyl]- [-[(R)-mandelovloxymethvi]-1H-benzimidazole

A soludon of 3.4 g sodium hydroxide in 40 ml water was added to a mixture of
14.4 g (42 mmol) tetrabutylammonium hydrogen sulphate and 6.4 g (42 mmol)
(R)-(-)-mandelic acid. The mixtmre was exmacted with 400 ml chloroform. After
separadon, the organic extract was heated to reflux with 16.6 g (42 mmol) of the
racemate of 6-methoxy-2-[[(4-methoxy-3.5-dimethyl-2-pyridinyl)methyl]-sulfinyl]-
1-[chloromethyl]- 1 H-benzimidazole. Evaporadon of the solvent was followed by
dilution with 100 ml dichloromethane and 700 ml ethyl acetate. The mixture was
washed with 3 x 200 ml water and the organic solution was dried over MgSO4 and
then evaporated. The crude material was purified by recrystallizadon from 100 ml

acetonitrile, giving 8.1 g of the dtle compound (38%) as a diastereomeric mixture.

NMR dara are given below.

Example 9 Separation of the more hydrophilic diastereomer of 6-methoxyv-2-[[(4-
methoxv-3.5-dimethyl-2-pvridinvlmethvi]-(R/S)-sulfinvi]-1-[(R)-

mandelovioxymethyl]- | H-benzimidazole

The diastereomers of the title compound in Example 8 were separated using
reversed phase chromatography (HPLC). Approximately 300 mg of the
diastereomeric mixture was dissolved in 10 ml hot acetonimile which was diluted
with 10 ml of a mixwre of aqueous 0.1 M ammoniumacetate and acetonitrile
(70/30). The soludon was injected to the column and the compounds were eluted
with a mixeure of aqueous 0.1 M ammoniumacetate and acetonimile (70/30). The
more hydrophilic isomer was casier to obtain pure than the less hydrophilic one.
The work up procedure for the fraction which contained pure isomer was as
follows; extraction with dichloromethane, washing the organic solution with

aqueous 5 % sodium hydrogen carbonate soludon, drying over N2,SQ4 and



cont’aining 50 ng of active substance, in a tabletting nachlne u5|no 7 m

‘di amet er  punches. |1 A sol ution of cellul ose ag [ alatmgTahd
cetyl alcolhol in isopropanol/methylene chloride was sp
tablets I in an Accela CotaR, Manesty coating equi pnent.
wei ght of 110 ng was obt ai ned. Solution for intraveng
A parenteral formulation for intraven use, containind 4
conmpound per nm, was prepared fromthe follow ng ingrede

evaporation of the solvent on a rotavapor (at the end of the evaporation the
removal of acetonimile was facilitated by adding more dichloromethane). Using 1.2
g of the diastereomeric mixture with the above mentioned technique, the more

hydrophilic isomer, 410 .mg. was obtained in a pure state as a colourless syrup.

NMR data are given below.

Example 10 Preparation of 6-methoxy-2-{[(4-methoxy-3.5-dimethyl-2-

pyridinylmethvi]-(R/S)-sulfinvl]-1-f(S)-mandelovioxvmethyi]- 1 H-benzimidazole

The product was obtained from 8.1 g (202 mmol) sodium hydroxide in 100 ml
water, 34.4 g (101 mmol) terabutylammonium hydrogen sulfate, 15.4 g (101
mmol) (S)-(+)-mandelic acid and 39.9 g (101 mmol) of the racemate of 6-metho:iy-
2-[((4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]-sulfinyl]-1-{chloromethyl]- 1 H-
benzimidazole using the same procedure as in Example 8. Recrystallization from

100 ml acetonitile yielded 21.3 g, i.e. 41% of the ttle corﬂpbund asa

diastereomeric mixture.

NMR data are given below.

Example 1l Separation of the more hydrophilic diastereomer of 6-methoxy-2-{[(4-
methoxy-3,5-dimethyl-2-pyridiny])methyi]-(R/S)-sulfinvl]-1-[(S)-

mandeloyloxymethvil- 1 H-benzimidazole

The diastereomers of the title compound in Example 10were separated using
reversed phase k:hrornatograpt_xy (HPLC) in the same way as in Example 9, but
using the diasteromeric m1xturc of 6-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-
pyridinyl)methyl]-(R/S)-sulfinyl]-1-[(S)-mandeloloxymethyl]- | H-benzimidazole
instead of the (R)-mandelic ester used in Example 9..Using 2.1 g of the

~ diastereomeric mixture, the more hydrophilic isomer, 760 mg, was obtained in a



Conpound according to Exanple 2 A
g Sterile water to a final volune of ' L
m The active conpound was dissolved in water to a fi
m. The solution was filtered through a 0.22 pmfilter
di spensed into 10 m sterile anmpoul es. The anpoul es wer & dea
CaDsul es Capsul es containing 30 ng _of17ac_t I ve conpound {wey €
the followi ng ingredients:

pure state as a colourless syrup.

NMR data are given below.

Example 12 Preparation of (-)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-
pyridinyDmethyl]-sulfinyl]- 1 H-benzimidazole

0.23 g (0.45 mmol) of the more hydrophilic diastereomer of 6-methoxy-2-[[(4-
methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]- 1 -{(R)-mandeloyloxymethyl]- 1 H-
benzimidazole was dissolved in 15 ml methanol. A solution of 36 mg (0.9 mmol)

- sodium hydroxid in 0.45 ml. water was added, and after 10 minutes the mixture
was evaporated on a rotavapor. The residue was partitioned between 15 ml water
and 15 ml dichloromethane. The organic solution was extracted with 15 ml water |
and to the combined aqueous solutions was added 85 pl (1.4 mmol) methyl
formate. After 15 minutes the mixture was extracted with 3x10 ml
dichloromethane. The brganic solution was dried over Na,SO,4 and then
evaporated. There was obtained 0.12 g (717%) of -the title compound as a
-colourless syrup. The optica‘l. purity (e.e.) which was analyzed by chiral column
chfomatography was 94%. [a]l%0= -155° (¢=0.5%, chloroform).

NMR data are given below

Example 13 Preparation of (+)-5-methoxy-2-{[(4-methoxy-3.5-dimethyl-2-
pyridinyl)methyl]-sulfinyl]- 1H-benzimidazole

0.76 g (1.5 mmol) of the more hydrophilic diastereomer of 6-methoxy-2-[[(4-

methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]- 1-[(S)-mandeloyloxymethyl}- 1 H-
benzimidazole was dissolved in 50 ml methanol. A solution of 0.12 mg (3.0 mmol)
sodium hydroxid in 1.5 ml water was added, and after 10 minutes the mixture was

evaporated on a rotavapor. The residue was partitioned between 25 ml water and



Conmpound according to Exanple 1

. 22-
700 g

Lact ose

- 18 -

25 ml dichloromethane. The organic solution was extracted with 25 ml water and
to the combined aqueous solutions was added 200 pl (3.2 mmol) methyl formate.

After 15 minutes the mixture was extracted with 3x25 ml dichloromethane. The

organic solution was dried over Na,SO, and then evaporated. There was obtained
0.42 g (81%) of the title compound as a colourless syrup. The optcal purity (e.e.)
which was analyzed by chiral column chromatography was 98%. [a]%0= +157°
(¢=0.5%. chloroform).

NMR darta are given below

Table 2.

Ex. Solvent

8. CDCl
500 MHz

9. CDClL
500 MHz

t0. CDCly
500 MHz

NMR data 3 ppm
2.18 (s, 3H); 2.20 (s, 3H), 2.36 (s, 3H), 2.39 (s, 3H),

3.77 (s, 3H), 3.78 (s, 3H), 3.82 (s, 3H), 3.87 (s, 3H), 4.80 (d.
1H), 4.88 (d, 1H), 5.0 (m, 2H), 534 (s, 2H), 6.43 (d, 1H),
6.54 (d, 1H), 6.6-6.7 (m, 2H), 6.90 (d, 1H), 6.95-6.98 (m,
2H), 7.01 (d, 1H), 7.2-7.3 (m, 6H), 7.37 (m, 2H), 7.44 (m,
2H), 7.58 (d, 1H), 7.62 (d, 1H), 7.95 (s, IH), 7.97 (s, LH).

2.20 (s, 3H), 2.36 (s, 3H), 3.78 (s, 3H), 3.82 (s, 3H),
4.80 (d, 1H), 5.00 (d, 1H), 5.35 (d, H), 6.43 (d, 1H), 6.63
(d, 1H), 6.90 (d, 1H), 6.97 (dd, 1H), 7.2-7.3 (m, 3H), 7.37

* (m, 2H), 7.62 (d, 1H), 7.97 (s, 1H).

2.19 (s, 3H), 2.20 (s, 3H), 2.36 (s, 3H), 2.39 (s, 3H), 3.77

(s 3,H),l 3.78 (s, 3H), 3.83 (s, 3H), 3.87 (s, 3H), 4.80 (d, 1H),
4.88 (d, LH), 5.0 (m, 2H), 5.34 (s, 2H), 6.43 (d, 1H), 6.54 (d,
lH), 6.6-6.7 (m, 2H), 6.90 (d, 1H), 6.96-6.98 (m, 2H), 7.01
(d, IH), 7.2-7.3 (m, 6H), 7.37 (m, 2H), 7.44 (m, 2H), 7.58 (d,



M crocrystal l i ne cellul ose
. Hydroxypropyl cellul ose | owsubstituted

Di sodi um hydr ogen phosphate
Purified water
The active conmpound was m xed with the dry ingredients an
a solution of disodium hydrogen pho;ggate The wet nass
an extruder and spheronized and dried in a fluidized bed
of the pellets above were first coated with a solution of h droxy [

met hyl cel l ul ose, 30 g, in water, 750 g, using a fluidized b Oater. After
drying, the pellets were coat ed with a seeond coating as given bel ow
Coating sol ution: LH), 7.62 (d, 1H), 7.95 (s. LH), 7.97 (s. H).
i1. CDC13 2.20 (s, 3H), 2.36 (s, 3H). 3.78 (s, 3H), 3.82 (s, 3H), 4.30
500 MHz (d, 1H), 5.00 (d. 1H), 5.35 (d, 1H), 6.43 (d. 1H), 6.63 _
(d, 1H), 6.90 (d, LH), 6.97 (dd, LH), 7.2-7.3 (m, 3H), 7.37
(m, 2H), 7.62 (d. 1H), 7.97 (s, 1H).
12. CDCl 2.18, (s, 3H), 2.22 (s, 3H), 3.68 (s, 3H), 3.83 (s, 38D,
300 MHz 4.77 (m, 2H), 6.93 (dd, IH), =7.0 (b, {H), =7.5 (b, 1H), 8.19
(s, 1H).
13. CDCI3 2.21 (s, 3H), 2.23 (s, 3H), 3.69 (s, 3H), 3.84 (s, 3H), 4.76 (m,

2H), 6.94 (dd, LH), =7.0 (b, LH), =7.5 (b, LH), 8.20 (s, LH).

The best mode of carrying out the invention known at present is to use the sodium
salts of the optically pure compounds of the invention, thus the compounds

described in Example 1 and Example 2.

=

Pharmaceutical preparations containing the compounds of the invention as active

ingredient are illustrated in the following formulations.

Svrup

A syrup contdining 1% (weight per volume) of active substance was prepared from

the following ingredients:

Compound according to Example 2 10 g
Sugar, powder . 300 g
Saccharine . . 06 g

~ Glycerol : 50 g



FWdFoxypropyI met hyl cel | ul ose phthal ate

‘Cetyl al cohol
Acet one
Et hanol _ _ o

[ to capsul es. Supposgi _
The final coated pellets were filled in _ _ oouppogiLloriesr
Suppositories were prepared fromthe fo bow ng i ngredi o g

procedure. Each suppository contai ned 40°ng of active conp

Flavouring agent _ 005¢g
Ethanol 96% 50 g
Distilled water q.s. to 2 final volume of 100 mi

Sugar and saccharine were dissolved in 60 g of warm water. After cooling the
active compound was added to the sugar solution and glycerol and a solution of
flavouring agents dissolved in ethanol were édded. The rmxture waé diluted with
water to a final volume of 100 mi.

Eanteric-coated tablets

An enteric coated tablet containing 50 mg of active compound was prepared from
the following ingredients:

I Compound according to Example 3 500 g
as Mg salt
Lactose - 700 g
Methyl cellulose _ 6g
Polyvinylpyrrolidéne cross-linked ' . 50g
Magnesium stearate : 15 g :
Sodium carbonate ' 6g
Distilled water q.s.

o Cellulose acetate phthalate ' 200¢g
Cetyl alcohol _ ' I5g
Isopropanol ' 2000 g
Methylene chloride : : 2000 g

[ Compound according to Example 3, powder, was mixed with lactose and



Corrbound according to Exanple 2
‘Wtepsol H 15
- 23 -

- 21 -

granulated with a water solution of methyl cellulose and sodium carbonate. The

wet mass was forced through a sieve and the granulate dried in an oven. After

drying the granulate was mixed with polyvinylpyrrolidone and magnesium stearate.
The dry mixture was pressed into tablet cores (10 000 tablets), each tablet |
containing 50 mg of active substance, in a tabletting machine using 7 mm diameter :

punches.

o A solution of cellulose acetate phthalate and cetyl alcolhol in .
isopropanol/methylene chloride was sprayed onto the tablets [ in an Accela CotaR,

Manesty coating equipment. A final tablet weight of 110 mg was obtained.

Solution for intravenous administration

A parenteral formulation for intravenous use, containing 4 mg of active compound

per ml, was prepared from the following ingredients:

. Compound according to Example 2 4
. Sterile water to a final volume of ' - 1000 ml

The active compound was dissolved in water to a final volume of 1000 ml. The'

solution was filtered through a 0.22 pm filter and immediately dispensed into 10
ml sterile ampoules. The ampoules were sealed.

Capsules

Capsules containing 30 mg of active compound were prepared from the following

ingredients:

Compound according to Example 1 300 g



The *active conpound was honogenously mixed with Wtepsol H 15 at
‘tenperature of 41[err] C. The nolten mass was volune fill ed

pre-fabricated suppository packages to a net weight of 1 &ﬁﬁ}?
cool ing the packages were heat seal ed. Each suppository Qo '
active conpound. Stability towards racem zation at diff
stability of the optically pure conpou of the inventio
racem zati on has been measured at | ow concentrations in regfr
aqueous buffer solutions at pH 8, 9.3, 10 and 11.2. The st
stability was neasured by conparing the optical purity for
of 5-nethoxy-2-[[(4- nethoxy-3,5-dinethyl-2-pyridinyl)-nmethyl]sulfinyl]-IH

-benzi m dazLoaIc?Qf%n buffer solution i mediately after dissolvi ng7 ﬁnd after

several days. e nmeasurenment was performed by chromat ography 98 &n

anal yti cal Mivrdorystaldheic@lluloke surprising high 40 g
Hydroxypropyl cellulose low-substtuted 62 g
Disodium hydrogen phosphate : 2g
Purified water q.s.

The active compound was mixed with the dry ingredients and granulated with a
solution of disodium hydrogen phosphate. The wet mass was forced through an

extruder and spheronized and dried in a fluidized bed dryer.
500 g of the pellets above were first coated with a solution of hydroxypropyl
methylcellulose, 30 g, in water, 750 g, using a fluidized bed coater. After drying,

the pellets were coated with a second coating as given below:

Coating solution:

Hydroxypropyl methylcellulose phthalate 70g
Cetyl alcohol o 4g
Acetone | 200 g
Ethanol ' 600 g

The final coated pellets were filled into capsules.

Suppositories

Suppositories were prepared from the following ingredients using a w)elding

procedure. Each suppository contained 40 mg of active compound.

Compound according to Example 2 . 4g
Witepsol H-15 180 g



conmpound was obtained at pH 11.2 even after 21 days. At pH 8)
the chem cal degradation of the conpound is nore apparent [
racem zation nmeasurenent nore difficult to perform however
t hese pH val ues a detectable racem za;igg was obtained afte
anot her racentization experinent with the optically pure co
i nvention, an aqueous phosphate buffer solution (pH=11) of the (+)-isoner
of 5- nethoxy-2-[[(4-nethoxy-3,5-dinethyl-2-pyridinyl)nmethyl]sulfinyl]- 1H
benzi m dazole (c=10[err]M was warned for 26 hours at 37[err] C wi thout any
racem zation at all being observed.
The active compound was homogenously mixed with Witepsol H-15 at a

temperature of 41° C. The molten mass was volume filled into pre-fabricated
suppository packages to a net weight of 1.84 g. After cooling the packages were

heat sealed. Each suppository contained 40 mg of active compound.

Stability towards racemization at different pH:es

The stability of the optically pure compounds of the invention towards
racemization has been measured at low concentrations in refrigerato: in aqueous
buffer solutions at pH 8, 9.3, 10 and 11.2. The stereochemical stability was
measured by comparing the optical purity for the (-)-isomer of 5-methoxy-2-[[(4-
methoxy-3,5-dimethyl-2-pyridinyl)-methyljsulfinyl]- 1 H-benzimidazole in buffer

. solutdon immediately after dissolving and after several days. The measurement was
performed by chromatography on an analytical chiral column. The surprising high
stereochemical stability in alkaline conditions for the compounds of invention is
exemplified by the fact that no racemization for the test compound was obtained at

 pH 11.2 even after 21 days. At pH 8, 9.3 and 10, the chemical degradation of the
corﬁpound is more apparent which makes the racemization measurement more
difficult to perform, however at none of these pH values a detectable racemization

was obtained after 16 days.

In another racemization experiment with the optically pure compounds of the

invention, an aqueous phosphate buffer solution (pH=11) of the (+)-isomer of 5-

methoxy-2-{[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]-1H-
benzimidazole (c= IO'SM) was warmed for 26 hours at 37°C without any

racemization at all being observed.
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Claims

1. Optcally pure compounds characterized in that the compounds are
Na*. Mg?*, Li*, K¥, CaZ* and N*(R), salts of (+)-5-methoxy-2-[[(4-methoxy-
3,5-dimethyl-2-pyridinyl)methy!]sulfinyl}- | H-benzimidazole and (-)-5-methoxy-2-
([(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]-1 H-benzimidazole, wherein

R is an alkyl with 1-4 carbon atoms.

2. Compounds according toclaim 1 characterized in thatthe
compounds are (+)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-
pyridinyl)methyl]sulfinyl}- |H-benzimidazole sodium salt, (-)-5-methoxy-2-[[(4-
methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyi}- 1 H-benzimidazole sodium salt,
(+)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]- 1 H-
benzimidazole magnesium salt, (-)—S-methoxy-z-[[(4-methoxy-3,5-dirnethyl-2-
pyridinyl)methyl]sulﬁnyll- 1H-benzimidazole magnesium salt, (+)-5-methoxy-2-[[(4-'
methoxy-3;S-diﬁ\ethyl—z-pyridinyl)methyl]sulf'myl]-lﬁ-benzimidazole calcium salt

‘and (-)-5-methoxy-2-{[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]- L H-

- benzimidazole calcium salt.

3. - Compounds according to claims 1 and 2 characterized in thatthe
compounds-are (+)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-
pyridinyl)methyl}sulfinyl]-1 H-benzimidazole sodium salt, (Q)-S-methoxy-z-[[(4-
methoxy-3,5-dimethyl-2-pyridinyl)methy!{jsulfinyl]- | H-benzimidazole sodium salt,
(+)-5-methoxy-2-{[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]- 1 H-
benzimidazole magnesium salt and (-)-S-méthoxy-IZ-[[(4-methoxy-3,5-dimethyl-2-

pyridinyl)methyl]sulfinyl]-1 _I;I_-benzi:fﬁdazole magnesium salt.

4. Compounds according to claims l and 2 characterized in that the
compounds are (+)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]-
sulfinyl-1H-benzimidazole sodium salt and (-)-5-methoxy-2-{[(4-methoxy-3,5- '



pyri di nlIerethyI]squlnyI] 1H benzi m dazol e, wherein Ris an alkyl with 1-4
carbon at-ons. - - 2: - A- corrpound accordl ng toclaimlcharact er. z__e

t hat Tis:Sh %H Gai¢ SHEEB ARG BEEN SL% 3
of( ) 5- mkﬂmm[”ﬂm thoxy 3 5} di metswpLAREPY T i di hyl ) et yhtpmmrwu EF
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- ben2| m onpound gctordimgto claim C h
int I's theMy[err] salt of, 25 -
( ) 5 met hoxy- 2- [ [ (4- met hoxy- 3, 5- di net hyl™- 2- pyri di nyl ) et hyl

|
r_g} ﬁﬁﬁ.?
S |]0I 'nyT]' | H
benzi m dazol e.

dimethyl-2-pyridinyl)methyl]sulfinyl- | H-benzimidazole sodium salt in tl\' i

crystalline forms.

5. Compounds according to claims land 2 characterized in thatthe
compound is (+)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]-
sulfinyl-1H-benzimidazole sodium salt in its crystalline form.

6. Compounds according to claims land 2 characterize d in that the
compound is (-)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]-
sulfinyl-1H-benzimidazole sodium salt in its crystalline form.

7. Process for the preparaton of a compound according to claim 1

characterized in thata diastereomeric ester of formula IV

OCH4
Hac S CHqg
(Iv)
A 4
N CHZ—-S—< OCHg4

CHZ\OAcyI

wherein Acyl designates a chiral acyl group such as mandeloyl, having either R or
S conﬁgura-tion is separated, and each of the separated diastercomers is dissolved
in an alkaline solution where the acyloxymethyl group is hydrolyzcd to give the
optically pure compound

8. Process according toclaim7 characterized in thatthe

diastercomers are separated by chromatography or fractional crystallization.

* [ L M S *




4: A conpound according toclaimlc har acteri zedinthat it is
~ the Na+ salt of(-)- 5-methoxy-2-[[(4- -3
~di met hyl - 2- pyri di nyl ) met hyl | sl {Tays bHEEF B&hBER d
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9. Frocess according toclaim7 characterized in that the solvolysis

zole inits crystalline

is performed in alkaline solution consisting of a base in a protic solvent, such as
alcohols or water; or a base in an apratic solvent, such as dimethylsulfoxide or

dimethylformamide.

10. Process for the preparaton of a compound according to claim 1 in crystalline
form characterized in that a product from the process in claim 7 is
neutralized with a neutralizing agent which can be an acid or an ester such as

methyl formate, followed by treatment with a base in non-aqueous solution.

LI. Process for preparation of (+)-5-methoxy-2-([(4-methoxy-3,5-dimethyl-2-
pyridinyl)methyi]-sulfinyl- | H-benzimidazole sodium salt and (-)-5-methoxy-2-{[(4-
methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl- 1 H-benzimidazole sodium salt in
their crystalline formscharacterized in that (+)-5-methoxy-2-[[(4-
methoxy-3,5-dimethyl-2-pyridinyl)methyl]-sulfinyl]-1H-benzimidazole sodium sait
-and (-)-5-methoxy-2-{[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl-1H-
benzimidazole sodium salt crude product respectively is neutralized followed by

treatment with NaOH in a non-aqueous medium.

12. Process for the preparation of (+)-3-methoxy-2-{[(4-methoxy-3,5-dimethyl-2-
pyridinyl)methyl]sulfinyl]-1H-benzimidazole and (-)-5-methoxy-2-{[(4-methoxy-3,5-
dimethyl-2-pyridiny)methyljsulfinyl]-1H-benzimidazole characterized

in that a diastereomeric ester of formula I'V

__
| jmm

L
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OCH4
(V)
N CHz—s—</ OCHq,

CHZ\OAcw

wherein Acyl designates a chiral acyl group such as mandeloyl, having either R or
S configuradon, is separated, and each of the separated diastereomers is dissolved

in an alkaline solution where the acyloxymethyl group is hydrolyzed off to give the
optcally pure compound after neutralization with 2 neutralizing agent which can be

an acid or an ester.

13. Process according to claim 12 characterized in thatthe

diastereomers are separated by chromatography or fractional crystallization.

14. Process according toclaim 12 characterized in that the solvolysis
is performed in alkaline solution consisting of a base in a protic solvent, such as
alcohols or water; or a base in an aprotic solvent, such as dimethylsulfoxide or

dimethylformamide.

15. The compound (+)-5-methoxy-2-{[(4-methoxy-3,5-dimethyl-2-
pyridinyl)methyl]-sulfinyl]- | H-benzimidazole obtained by the process defined in

claim 12.

16. The compound (-)-5-methoxy-2-{[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]-
sulﬁnyl] 1H-benzimidazole obtained by the process defined in claim 12.

cef Has Been Replaced -
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wherei n Acyl designates a chiral acyl group having either Ror_S

-configuration, is separated, to obtain the separated di HEET
vvhereafter the di ast er eoner corrpr' [ ng the ?‘{%bﬁ&mﬁs

-) - 5- et 5-(dTTHBt $8HeT yl)ire hyI sul 1t 1H
ben2| md ”H ﬂlﬂﬂm |n an al kal Reﬂﬁcﬂ] @I on whef el nBthest Lﬁw
acyl oxyne rolyzed off grve—~th )pti cak |y _pure. conp rﬁ

6. A process accordln to claim5 ¢ hé%r act er i ¥ e din that the

chiral acyl group is rrandel oyl . 7. A process accor di rq t o_cl ai m S—e—h r
acteri zedinthat the diastereoners are separated by chromatography
or fractional |T.r Phafhdcedidal prepardtion L oRERAIAS AnaPRiREILY Parel sonfoahdabedidinga I a
cteri zedinthat the solvolysis is

to any of claims 1-6 as active ingredient.

T

18. Optically pure compounds according to any of claims 1-6 for use in therapy.

19. Use of an optically pure compound according to any of claims 1-6 in the

preparation of a pharmaceutical formulation for inhibiting gastric acid secretion.

20. Use of an optically pure compound according to any of claims 1-6 for the
preparation of a pharmaceutical formulation for the treatment of gastrointestinal

inflammatory diseases.

21, A method for inhibiting gastric acid secretion comprising administration to a *
mammal including man in need of such treatment an effective amount of an

optically pure compound according to any of claims 1-6.

22. A method for the treatment of gastrointestinal inflammatory diseases
comprising administration to a mamimal including man in néed of such treatment

an effective amount of an optically pure compound according to any of claims 1-6.

- 23. The compound 6-methoxy-2-{[(4-methoxy-3,5-dimethyl-2-pyridinyl)-methyl]-
1-[mandeloyloxymethyl]-1H-benzimidazole.

Sheet Has Been Replaced
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. such as one or nore alcohols or water, or a base in an aj
" such as dinethyl sul foxi de or dinethyl fornmam de.

crystalline formc har act er i zed in that aproduc

process in claim5 is neutralized vw}tbga_neutralizing agept which can be an
acid or an ester such as nethyl formate, foll owed by treatinent with-a-basSt
i n non-aqueous sol ution. ‘

NEW COMPOUNDS

Abstract

The novel optically pure compounds Na”, Mgz"'. Lit, K+, Ca?t and N+(R)4 salts -
of (+)-3-methoxy-2-{[(4-methoxy-3.5-dimethyl-2-pyridinyl)methyl]sulfinyl]-1H-
benzimidazole or (-)-5-methoxy-2-([(4-methoxy-3,5-dimethyl-2-
pyridinyl)methyl]sulfinyl]-1 H-benzimidazole, where R is an alkyl with 1-4 carbon
atoms, processes for the preparation thereof and pharmaceutical preparations
containing the compounds as active ingredients, as well as the use of the |
compounds in pharmaceutical preparations and intermediates obtained by preparing

the compounds.



26 10. A process according to claim9 for preparation of the sodiumsalt
of (-)-5-nethoxy- 2-
[[(4-nmet hoxy-3, 5-di met hyl - 2-pyridinyl)methyl]sul finyl]-1H benzim dazole in

its crystalline formc har act er i z edin that the Trodesodrum
salt product is neutralized followed by trea %ﬂéﬁ CﬁEPhA@EMENT SHEET
non- agueous nedi um 11. A phar maceutléal pr cqgnt grmmg—an
optically pure conpound according to any of clai m; 1- 4 tqgef hgry vggphgw
pharmaceuti-cally acceptable carrier. 12. An abg dure conpound
according to any of clainms 1-4 for uselnther py. W

*x € L M 5 %

Claims

1. An optically pure compoundcharacterized inthat the compound is aNa’,
Mg?, Li*, K*, Ca** or N"(R), salt of (-)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-
pyridinyl)methyl]sulfinyl]-1H-benzimidazole, wherein R is an alky] with 1-4 carbon

atoms.

2. A co;xlpound accordingtoclaiml characterized inthatitis aNa‘_', Mg2+or
Ca®" salt of (-)-5-methoxy-2-{[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]-1H-

benzimidazole.

3. A compound according to claim 1 characterlzed xnthatxtxstheMg " salt of
(-)-5-methoxy-2-{[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]- 1 H-
benzimidazole.

4. A compound accordingtoclaimlcharacterized inthatitistheNa"’saltof(-);

5-methoxy=2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]-1 H-benzimidazole
in its crystalline form.

5. A process for the preparation of an optically pure compound according to claim 1
characterized in thata diastereomeric mixture of an ester of formula IV
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13.. Use of an optically pure conpound according to any of clains 14 in the

preparation of a pharmaceutical formnulation for inhibiting gastrlc aci d

secretion. 14. Use of an optically pure conpound acc

clains 1-4 for the preparation of a pharnmaceutical for nﬂE@LAﬁEﬁ“w‘ttﬁ‘f Eth =3

treatnment of gastrointestinal inflamuatgry di seases.
optically pure conpound according to any” of clains 14

a medi canent with a | ower degree of interindividual va
| evel s. 16. Use of an optica Mr
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t herapeutic profilte

wherein Acyl designates a chiral acyl group having either R or S configuration, is
separated, to obtain the separated diastereomers whereafter the diastereomer comprising
the (-)-5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]-1H-
benzimidazole is dissolved in an alkaline solution wherein the acyloxymethy! group is

-hydrolyzed off to give the optically pure compound.

6. A process accordingtoclaim5 characterized in that the chiral acyl group is

mandeloyl.

7. Aprocessaccordingtoclaim5 characterized in that the diastereomers are

separated by chromatography or fractional crystallization.

8. Anprocessaccordingtoclaim5 characterized in that the solvolysis is
performed in alkaline solution consisting of a base in a protic solvent, such as one or more

alcohols or water; or a base in an aprotic solvent, such as dimethylsulfoxide or

dimethylformamide.

9. A process for the preparation of an optically pure compound according to claim 1 in
crystalline form characterized in that a product from the process in claim 5 is

neutralized with a neutralizing agent which can be an acid or an ester such as methyl

formate, followed by treatment with a base in non-aqueous solution.



,17."- The conpound. ' - TR

6- met hoxy- 2- [ [ (4- net hoxy- 3, 5-di met hyl - 2- pyri di nyl ) - net hyl ] - 5 oLk

sul finyl]-1 -[(R) -nmandel oyl oxynet hyl ] -1H benzi m dazol e. 18! E?L%C%ﬁ%%&n

6- met hoxy- 2- [ [ (4- met hoxy- 3, 5- di net hyl - 2- pyri di nyl ) - met hyl | - >) - "

sul finyl]- 1 -[(S)-nmandel oyl oxymet hyl ] -1 H- benzi ni dazol e. {4 AN 1893
: 26

10. A process according to claim 9 for preparation of the sodium salt of (-)-5-methoxy-2-
{[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]- { H-benzimidazole in its
crystalline formcharacterized in that the crude sodium salt product is neutralized -

followed by treatment with NaOH in a non-aqueous medium.

11. A pharmaceutical preparation containing an optically pure compound according to any
of claims 1-4 together with a pharmaceutically acceptable carrier.

12. An optically pure compound according to any of claims 1-4 for use in therapy.

13. Use of an optically pure compound according to any of claims 1-4 in the preparation of
a pharmaceutical formulation for inhibiting gastric acid secretion.

14. Use of an optically pure compound according to any of claims 1-4 for the preparation
of a pharmaceutical formulation for the treatment of gastrointestinal inflammatory '

diseases.

15. Use of an optically pure compound according to any of claims 1-4 in the manufacture
of a medicament with a lower degree of interindividual variation in plasma levels.

16. Use of an optically pure compound according to any of claims 1-4 in the manufacture
of a medicament with an improved therapeutic profile when treating gastric acid related

diseases.

17. The compound 6-methoxy-27[[(4-methoxy-3,5-_dimethyl-2—pyridinyl)-methyl]~(R/S)-
sulfinyl]-l-[(R)-mandeloyloxymethyl]—l_g-benzimidazole.

18. The compound 6-methoxy-2-{[(4-methoxy-3,5-dimethyl-2-pyridinyl)-methyl]-(R/S)-
sulfinyl]-1-{(S)-mandeloyloxymethyl]-1 H-benzimidazole.
| B




