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SUBSTITUTED SULFOXIDE COMPOUNDS, METHODS
FOR PREPARING THE SAME AND USE THEREOF

CROSS REFERENCE OF RELATED APPLICATIONS
[0001] The prosent application claims the benefit of Chiness application No.
200510058962.3 filed on March 25, 2003, entitled the same, which is explicitly incorporated

herein by reference in its entircty.

BACKGROUND OF THE INVENTION
1. Technical Field of the Invention
[0002] The present invention relates to substituted sulphoxides, particularly to optical

isomers of “prazole” compounds. The present invention is also directed to a process for
preparing optical isomers of “prazole” compounds, and use thereof in manufacturing

medicaments.

2. Description of Prior Art

[0003] Tn general, peptic ulcer, of which 90% is gastric ulcer or duodenal ulcer, is caused
by the enhancement of gastric mucosa injury factors, such as gastric acids, Helicobacter pylori
(Hp), pepsins, non-steroidal anti-inflammatory drugs (NSAIDs) and the like, and/or the
reduction of gastric mucosa defense faciors, such as gastric mucosal barriers, mucosal blood

flow, prostaglandin, reepithlialization, secretion of dicarbonates and the like, in body.

[0004] Generally, the immediate causcs of ulcer include abnormal eating hahit, excessive
drinking, mental strain and various stresses, Hp infection, and administration of NSAIDs.
Usually, Hp infection contributes to the onset, severity, progress, obstinateness and early relapse
of ulcer, and gastric acid plays an {mportant tole in the injury of gastric mucosa and aggravation
of ulcer. Therefore, “inhibition of gastric acid” and “eradication of Hp” (for Hp positive patients)

have become two important aspects for current clinic treatment of peptic ulcer.

[0005] Many compounds having benzimidazole structures, such as Omeprazole, can
inhibit any stimulated acid secretion from gastric parietal cell, i.e. inhibit the last step of the
delivery of gastric acid from gastric parietal cell to gastral cavity, and therefore are very
effective for treating ulcer. Since the last step involves in the exchange and transport of H and

X induced by an enzyme, called H', K* transporting ATPase, this class of compounds that can
: 1
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inhibit the activity of H, K*/ATPase are known as proton pump inhibitors (PPIs). Besides
Omeprazole, such compounds are now commercially available with generic names of
Lansoprazole, Pantoprazole, Rabeprazole, and Esomeprazole (an optically pure Omeprazole
marketed in 2001).

[0006] “Prazoles” (i.e. PPIs) can be used alone to treat various peptic ulcer, including
multiple ulcer caused by gastrin, drug-induced ulcer caused by NSAIDs, and H; receptor
antagonist (such as Cimetidine and Ranitidine) resistant refractory ulcer. The recovery ratio of
ulcer treated with “prazoles” is up to 80% in two weeks and up to 100% in four weeks, and the
relapse ratio thereof is substantially reduced. For Hp positive patients, “prazoles” can be used in
combination with two antibacterial agents, where PPIs can enhance the activity of the
antibacterial agents, and as a result a clearance of over 90% of Hp may be achieved in two
weeks. Currently, the triple therapeusis of PPIs and two antibacterial agents has become a
primary treatment of Hp positive peptic ulcer. Besides peptic nlcer, PPIs can also be used to treat
gasiro-oesophageal reflux diseases (GORD), zollinger-eflison syndrome (ZES) and other

diseases associated with excessive gastric acid.

[0007] Il-Yang Pharm. Co., Ltd., Korea has developed a novel PPL ie. racemic
5-(1H—pyrr01—1-yl)—2—[[(3—methyl—4-methoxy—2-pyridy1)-methyl]sulﬁnyl]—bcnzimidazole, which
shows superior anti-ulcer effects as compared with Omeprazole in the treatment of GORD,

gastric ulcer and duodenal ulcer (KR 179,401 and US 5,703,097).

[0008) The benzimidazoles described above as anti-ulcer agents are substituted
sulphoxides having a stereogenic centre at the sulphur atom and thus exist as two optical
isomets, i.e. enantiomers. If there is another stersogenic centre in the molecule, these
compounds can exist as pairs of enantiomers. Corresponding sulphides of such compounds
which already contain a stereogenic cenire are not pro-chiral compounds, but chiral compounds.
However, the sulphur atom in these compounds does not have asymmetry and therefore they are
referred to as pro-chiral sulphides in respect of this invention. There are a large number of
publications including patents and patent applications disclosing processes for preparation of the
single enatiomers of such benzimidazole like Omeprazole, Lansoprazole, Pantoprazole and
Rabeprazole, such as SE 9,500,818, DE 4,035,455, WO 94/27988 and Z198124029.1 (which
are hereby incorporated by reference in their entirety). It has been demonstrated that optically

pure levo-Omeprazole (i.e, Esomeprazole) shows improved physiological activity and
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pharmacokinetics, and lower toxicity in comparison with the racemate of Omeprazole

(Lindberg. P.; Weidolf, L. US patent No. 5,877,192, 1999).

Our study on 5-(1H-pyrrol-1-yl)-2-[[(3-methyl-4-methoxy-2-pyridyl)-methyl]
sulfinyl]-benzimidazole has demonstrated that both its levo-enantiomer and dextro-
enantiomer are inhibitors of gastric acid more potent than its racemate. However, the
synthesis of such levo-enantiomer and dextro-enantiomer has never been reported in
the art. Accordingly, we have made great efforts to study on the process for synthesis
of the single enantiomers of 5-(1H-pyrrol-1-yl)-2-[[(3-methyl-4-methoxy-2-pyridyl)-
methyl]sulfinyl]-benzimidazole, and their use in medicaments for treatment of peptic

ulcer and other diseases associated with excessive gastric acid.

Chinese patent CN 1070489C, which is hereby incorporated by reference
herein in its entirety, has disclosed a process for enantioselective synthesis of
Omeprazole, comprising asymmetrically oxidizing the corresponding prochiral
sulphide in organic solvents (preferably toluene and ethyl acetate) in the presence of an
organic base, a hydroperoxide, and a chiral titanium complex, which can be prepared
from a titanium compound and a chiral alcohol. However, this process is not suitable
for the synthesis of an enantiomerically enriched form of 5-(1H-pyrrol-1-y1)-2-[[(3-
methyl-4-methoxy-2-pyridyl) -methyl]sulfinyl]-benzimidazole due to its lower

enantioselectivity and poor yield.

A reference herein to a patent document or other matter which is given as prior
art 1s not to be taken as an admission that that document or matter was known or that
the information it contains was part of the common general knowledge as at the

priority date of any of the claims.
Throughout the description and claims of the specification, the word “comprise” and

variations of the word, such as “comprising” and “comprises”, is not intended to

exclude other additives, components, integers or steps.

[T ————re 3
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SUMMARY OF THE INVENTION
In a first aspect of the present invention, an optically pure compound of
formula [,
— OCHy
/ \! N i
SN O

(IUPAC  name:  5-(1H-pyrrol-1-yl)-2-[[(4-methoxy-3-methyl-2-pyridyl)-methyl]
sulfinyl]-1-hydro-benzimidazole), a pharmaceutically acceptable sait thereof and a

pharmaceutically acceptable solvate thereof are provided.

¥ Lousse Others Speciest 7901 _specs doc 3JA
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[0012] In a second aspect, the present invention relates to a use of an optically pure
compound of formula I, its pharmaceutically acceptable sall, its pharmaceutically acceptable

solvate or a mixture thereof in manufacturing medicaments or pharmaceutical compositions.

[0013] According to a preferred embodiment of the invention, the medicaments and
pharmaceutical compositions are used for the treatment of a disease associated with excessive

gastric acid, such as gastric ulcer, duodenal ulcer, GORD and Zollinger-Ellison syndrome.

10014] Tn a third aspect, the present invention relates to a pharmaceutical composition
comprising a therapeutically effective amount of an optically pure compound of formula J, its
pharmaceutically acceptable salt, its pharmaceutically acceptable solvate or a mixture thereof, and

a pharmaceutically acceptable carrier.

[0015] In a fourth aspeet, the present invention relates to a method for treating a disease
associated with excessive gastric acid, such as gastric ulcer, duodenal ulcer, GORD and
Zollinger-Ellison syndrome, in a subject, comprising administering to the subject a
therapeutically effective amount of an optically pure compound of formmla I its

pharmaceutically acceptable salt, its pharmaccutically acceptable solvate or a mixture thereof.
[0016] In a fifth aspect, the present invention provides a process for preparing an optically
pure compound of formula I, comprising oxidizing a pro-chiral sulphide of formula II in

chloroform in the presence of an oxidant (as shown in Reaction 1),

[Reaction 1]

~ OCH; - . OCH;
Q/N 2 | Oxidation NN N ﬁ) \/ﬁ
b\ys > g T \>_5\/L\
N N N N
H H
il 1

[0017] The process of the invention is characterized in that a pro~chiral sulphide is
oxidized asymmetrically into a single enantiomer or an enantiomerically entiched form of the

corresponding sulphoxide, And the process is more enantioselective in chloroform in

4
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comparison with processes using other solvents.

[0018] According to a particular embodiment of the invention, the process is carried out in

the presence of a base and a chiral titanium complex using a hydroperoxide as the oxidant.

[0019] According to a preferred embodiment of the invention, a 4A molecular sieve is
added to the reaction system, hereby increasing the yield of an optically pure compound of

formula L. Preferably, the particle size of the 4A molecular sieve is about 4-8 mesh.

[0020] According to a further preferred embodiment of the invention, the process is
carried out at a temperature ranging from room temperature to ahout 110°C, preferably from
about 30°C to about §0°C, and more preferably at about 31°C.

[0021] In a sixth aspect, the present invention relates to an intermediate compound having
formula I, TUPAC name: 5-amino-2-[(4-methoxy-3-methyl-2-pyridyl)-methylthio]-1-hydro

-benzimidazole.

OCH;
H)N. N =
~ N
; \>7 S = ‘
7 N N
H

m

10022} According to a preferred embodiment of the invention, the prochiral sulphide of
formula 11 (TUPAC  name:  5-(1H-pyrrol-1-yl)-2-[(4-methoxy-3-methyl-2-pyridyl)
-methylthio}-1-hydro -benzimidazolc) can be prepared by reacting the compound of formula IIT

with a compound of formula IV in the presence of an acid (as shown in Reaction 2).

[Reaction 2]
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[0023] In a seventh aspect, the present invention relates to a process for preparing the
intermediate of formula TIT, comprising reacting a compound of formula V with a compound of

5  formula VI (as shown in Reaction 3).
{Reaction 3)

OCHj,
OCH:
3 N2

HzN R N N HZN X N (ﬁ
s s
1
N oy i

) VI jiis

10
[0024] Tests carried out with animals have demonstrated that both the optically pure
compounds of the present invention are more effective than their racemate in treating dissases

associated with excessive gastric acid.

15 DETAILED DESCRIPTION OF THE INVENTION

10025] One aspect of the present invention relates to an optically pure compound of

formula I, its pharmaceutically acceptable salt and its pharmaceutically acceptable solvate, and a

use thereof in manufacturing medicaments and pharmaceutical compositions.

OCH,

C\ &ﬁ) a l

S NS
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[0026] Unless specified otherwise, the expression “an (the) optically pure compound of
formula I or “an (the) active ingredient”, as used herein, refers to (-)-5-(0H-pyrrol-1-yl)-
2-[[(4-methoxy-3-methyl-2-pyridyl)-methyl]sulfinyl}-1-hydro-benzimidazole or  (+)-5-(1H-
pyrrol-1-yl)-2-[{(4-methoxy-3-methyl-2-pyridyl)-methyl]sulfinyl]-1-hydro- benzimidazole.

[0027] The term "pharmacsutically acceptable sali(s)", as used herein, refers to any
pharmaceutically acceptable salt, which has desired pharmacological activities, of the compound
according to the present invention. Such salts may include, but are not limited to, the following
forms: (1) acid addition salts, wherever applicable, prepared by treatment with snitable acids
such as inorganic and organic acids, of which examples of the inorganic acids include, but are
not limited to, hydrohalic acid (such as hydrochloric acid, hydrobromic acid, hydrofluoric acid,
and hydroiodic acid), sulfuric acid, nitric acid, phosphoric acid, perchloric acid, boric acid and
the Tike; cxamples of the organic acids include, but are not limited to, tartaric acid, mandelic
acid, fumgric acid, succinic acid, malic acid, salicylic acid, maleic acid, citric acid, palmitic acid,
cinnamic acid, lactic acid, ascorbic acid, hydroxynaphthoic acid, gluconic acid, glutamic acid,
acetic acid, propionic acid, propandioic acid, butanedioic acid, glycolic acid, keto-acetic acid,
methane sulfonic acid, ethanc sulfonic acid, benzene sulfonic acid, p-toluene sulfonic acid,
cyclamic acid, 2-naphthalenesulfonic acid, camphorsulfonic acid, laurylsulfonic acid, benzoic
acid, glycerophosphoric acid, ketoglutaric acid, stearic acid and other organic acids well-known
in the art; or (2) salts, wherever applicable, prepared by substituting an acidic proton on the
benzimidazole moiety of the compound with a metal atom (such as an alkali metal like Li, Na
and K, an alkali earth metal like Mg and Ca, Zn or Al) or reacting with an organic base, such as

ethanolamine, diethanolamine, triethanolamine and N-methyl ghucamine.

[0028] The term “pharmaceutically acceptable solvate(s)” used herein means hydrates of a

compound or compounds comprising other solvents of crystallization such as alcohols.

[0029] Another aspect of the present invention is directed to a pharmaceutical composition
containing a therapeutically effective amount of an optically purc compound of formula I, its
pharmaceutically acceptable salt, or its pharmaceutically acceptable solvate or a mixture thereof,

and a pharmaceutically acceptable carrier.

[0030] In the present invention, when referting to a mixture of an optically pure compound

of formula I and/or its pharmaceutically acccptable salt and/or its pharmaceutically acceptable

7
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- solvate, the racemate of the compound of formula I, its pharmaceutically acceptable salt, its

pharmaceutically acceptable solvate or a mixture thereof is excluded.

[0031] Carriers suitable for use in the present mveniion include pharmacentically
acceptable organic or inorgamic camiers suitable for parenteral and intestinal (oral)
administration, which have no adverse effect on the active ingredient. Suitable carriers include,
but are not limited to, water, saline solution, alcohols, acacia, vegetable oils, benzalcohol,
polyethylene glycol, gelatin, sugars (such as lactose), amylose or starch, magnesium stearate,
tale, silicic acid, viscous paraffin, volatile oil, fatty acid monoglycerides and diglycerides,
pentaerythritol fatty acid ester, carboxymethyl cellulose, polyvinylpyrrolidone, hydroxypropyl
methyl cellulose, cellulose acetate Phthalate, Polyoxylate, Hypromellose Phthalate and the

analogous compounds.

10032] The concentration of the active compounds in the composition according to the
present invention may vary depending on its absorption, distribution, metabolism and
evacuating rate in vivo, as well as other factors known well in the art. It will be appreciated that
the dosc of the composition may vary according to the severity of conditions to be treated, and
the dosage schemes may be modified with the process of time according to the estimations of

the professionals for a specific subject.

[0033] The composition of the invention can be formulated into various pharmaccutically
acceptable dosage forms, in which a suitable pharmaccutically acceptablc carrier may be used.
Such dosage forms include, but are not limited to capsules (including sustained-release or
delayed-release dosage forms), tablets, powders, solutions, suspensions, syrups, pills, granula,
elixirs, tinctures, implants (including suppository), emulsions, and injections, preferably

gastro-resistant capsules or tablets.

[0034] For parenteral administration, the suitable dosage forms include injectable sterile

solutions, lyophilized formulations, suspensions, emulsions and the like.

{0035] For intestinal administration, the suitable dosage forms include tablets, dragees,
liquor, drops, capsules, syrups, tinctures and the like.

[0036] The preparations of the invention may be administered alone or in combination

8
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with other active agents such as antimicrobials.

[0037] Another aspect of the invention relates to a method for treatment of a disease
associated with excessive gastric acid, such as gastric ulcer, duodenal ulcer, GORD and
Zollinger-Ellison syndrome, in a subject, comprising administering to the subject a
therapeutically effective amount of an optically pure compound of formula I, its

pharmaceutically acceptable salt, its pharmaceutically acceptable solvate or a mixture thereof.

10038] The term "subject", as used herein, refers to an animal, preferably a mammal, most

preferably a human, who is the object of treatment, observation or experiment.

[0039] For treatment of any disease mentioned above, the optically pure compound of
formula I may be administered, for example, orally or parenterally in an effective amount in a
suitable formulation (optionally including various conventional pharmaceutically acceptable
carriers). Furthermore, the optically pure compound of formula I may be administered alone or

in combination with other active agents such as antimicrobials, in single or multiple doses.

[0040] Solid dosage foums for oral administration include tablets, pills, granules, capsules,
and the like. The solid dosage forms may comprise any of the following components or any
compound having similar properties: excipients such as microcrystalline cellulose, sodium
citrate, calcium carbonate, dipotassium phosphate and glycine; disintegrants such as starch more
preferably corn, potato or tapioca starch, alginic acid, sodium carbonate and certain complex
silicates; binders like polyvinylpyrrolidone, sucrose, gelatin and acacia; humectants such as, for
example, glycerol; solution retarding agents, such as, for example paraffin; absorption
accelerators such as, for example, quartenary ammonium corupounds; wetting agents like cetyl
alcohol and glycerol monostearate; absorbents like kaolin and bentonite clay; and flavorings
such as peppermint, methyl salicylate, and orange flavoring. Additionally, magnesium stearate,
sodium lauryl sulfate, talc, calcium stearate, solid polyethylene glycols and mixtures thereof are
often added as lubricating agents for tabletting purposes. Besides the components mentioned
above, liquid cartiers such as fatty acids can also be used in capsules. The solid dosage forms of
tablets, dragees, capsules, pills, and the granules can be prepared with coatings and shells such
as enteric coatings, release controlling coatings and other coatings which are well known in the
field of pharmaceutical formulation art. In the case of capsules, tablets and pills, the dosage

form may also comprise buffering agents. They may also be so formulated that they release the

9
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active ingredient(s) only or preferentially in a certain part of the intestinal tract, optionally in a
delayed manner. The active compounds can also be in micro-encapsulated form using one or

more of the excipients noted above.

[0041] Liquid dosage forms for oral administration include pharmaceutically acceptable
emulsions, microemulsions, solutions, suspensions, syrups, and elixirs. The diluents may be
selected from water, ethanol, propylene glycol, isopropyl alcohol, ethyl carbonate, ethyl acetate,
benzyl alcohol, benzyl benzoate, 1,3-butylenc glycol, dimethyl formamide, oils for e. g.
cottonseed, groundnut, corn, germ, olive, castor, scsamc oils and the like, glycerol,
tetrahydrofurfuryl alcohol, polyethylene glycols and esters of fatty acids like sorbitan and
various combination thercof. For such oral consumption it is desirable to combine the active

ingredient with various sweetening or flavoring agents, coloring matter or dyes, if so desired.

[0042] The dosage forms for parenteral administration, such as solutions and suspensions,
may contain any of the following components: diluents such as water for injection, saline, fixed
ail, polyethylene glycol, glycerol, propanediol and other synthesized solvents; antimicrobials
such as benzalcohol and methyl p-hydroxybenzoates; antioxidants such as ascorbic acid and
sodium bisulfite; complexants such as EDTA; buffering agents such as acetates, citraie and
phosphate; and tension adjusting agents such as sodium chloride and glucose. For intravenous
administration, preferred carriers include saline, PBS, and auxiliaries including, but not limited

to, alum, aluminium phosphate and other oil- or water-emulsion auxiliaries.

[0043] The suitable dose of the compound according to the present invention for human
may vary depending on the body weight and gender of the subject in need of such treatment, the
disease to be treated and its condition, and the route of administration. Typically, a preferred
dose for prevention or treatment of gastric and duodenal ulcer in adult human patients is about

1-1,000mg per day, more preferably 3-1,000mg per day.

[0044] Another aspect of the invention relates to a process for preparing an optically pure
compound of formula I, comprising oxidizing asymmetrically a pro-chiral sulphide of formula IT,
5-(1H-pyrrol-1-y)-2-[(4-methoxy-3-methyl-2-pyridyl)-methylthio]-1-hydro-benzimidazole, in

chloroform in the presence of an oxidant.

[Reaction 1]
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[0045] As described in CN1070489C, suitable solvents for use in the asymmetric
oxidation of the sulphide of formula II may be selected from the group consisting of toluene,
p-xylene, ethyl acetate, methyl ethyl ketone, methyl isobutyl ketone, diethyl carbonate,
tert-butyl methyl ether, tetra-hydrofurane, methylene chloride and the like. However, it is
surprisingly found that use of chloroform as a solvent has greatly improved the

enantioselectivily of the asymmetric oxidation as compared with other solvents mention above.

[0046] Tn a preferred embodiment of the invention, a 4A molecular sieve is added to the
reaction systern, and as a result the yield of the enantiomerically epriched product can be
improved. Preferably, the amount of the molecular sieve added is no more than about 10 times
the weight of the substrates, more preferably about 1-5 times. A preferred particle size of the

molecular sieve is around 4-8 mesh.

[0047] Tn a particular embodiment of the invention, the process of the invention is carried

out in the presence of a base and a chiral titanium complex.

[0048] The base suitable for use in the process according to the present invention may be
an inorganic base including but not limited to the hydroxides and dicarbonates of an alkali metal,
or an organic base including but not limited to amides or amines which also includc guanidines
and amidines. Preferably, the base used is an organic base, more preferably an amine, and most

preferably triethylamine or N,N-diisopropyl ethylamine. The amount of the base added may

" vary depending on the states of the reaction mixture, and preferably the amount is about 0.1-1.0

equivalents.

[0049] The titanium complex suitable for catalysing the process of the invention may be
propared from a chiral agent and a titaninm compound, and optionally in the presence of water.

A preferred titanium compound is titanium alkoxide, such as titanium iso-propoxide or
i1
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—propoxide, and more preferably titanium tetraisopropoxide.

[0050] The chiral agent used in the preparation of the titanium complex is preferably a
chiral alcohol such as a chiral diol. The diol may be a branched or linear alkyl diol, or an
aromatic diol. Preferred chiral diols are esters of tartaric acid, and (+)-diethyl tartrate or
(-)-diethy] tartrate are more preferred.

[0051] The amount of the chiral titanium complex is not critical. An amount used
normally is not more than 1 equivalent, and a preferred amount is from about 0.05 to about 1

equivalent, and a more preferred amount is about 0.5 to 1 equivalent.

[0052] In a preferred embodiment, the chiral titanium complex may be activated in the
presence of the pro-chiral sulphide of formula II. That is, the pro-chiral sulphide is added to the
reaction vessel before the addition of the chiral titanium complex. Suitable temperature for the
activation is in a range of from room temperature to about 115°C, and suitable activation time is

about 1-10 hours.

[0053] In another pfeferrcd embodiment according to the present invention, the
preparation and activation of the chiral titanium complex are simultaneously carried out in the
presence of the pro-chiral sulphide of formula II, where the pro-chiral sulphide 1s added to the
reaction vessel before the addition of components needed for preparing the chiral titanium
complex. Suitable tempcrature for the preparation and activation ranges from room temperaturc

to about 115°C, and suitable time is about 1-10 hours.

[0054] An oxidant suitable for the asymmetric oxidation may be a hydroperoxide, such as
tert-butyl hydroperoxide or cumene hydroperoxide, preferably the latter. A preferred amount of

the oxidant added is about 1-1.2 equivalents.

[0055] Typically, the oxidation is carried out at a temperature ranging from about -40°C to
about 115°C, preferably from room temperature to about 115°C, more preferably from 30°C to
about 80°C, most preferably at about 31°C.

[0056] In a preferred embodiment of the invention, after the‘oxidation, the resulted

reaction mixture is extracted, dried and evaporated to afford a .raw product, which is then
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purified by chromatography on silica gel using ethyl acetale as an elnant, yielding a product

with an enantiomeric excess (ee) of 76-98%.

[0057] In a further preferred embodiment of the invention, the product of 76-98% ece is
further recrystallized in an organic solvent selected from the group consisting of ethyl acetate,
acetone, butanone, ethyl ether, tert-butyl methyl ether, methylene chloride, chloroform and a

mixture thereof yielding a product with a higher enantiomeric excess up to 99% (ee).

[0058] According to still another aspect of the invention, a novel compound of formula IIT,
S-amino-2-[(4-methoxy-3-methyl-2-pyridyl)-methylthio}-1-hydro-benzimidazole, is provided,
which can react with a compound of formula IV, 2,5-dimethoxy-tetrahydrofuran, in the presence

of an acid to yield the sulphide of formula II (as shown in Reaction 2).

[Reaction 2]

~ [/\\ i OCH;

OCH; o o ¢ B

H,N. = v NN N Z
T be @\Hﬁ
N N N P N N
H H

ut
i1 I

[0059] A preferred acid suitable for use in Reaction 2 is an organic acid, more preferably a
glacial acctic acid. And the rcaction is prcferably carried out at a temperature of about
80°-150°C or a refluxing temperature of the solvent used. The molar ratio of the compound of

formula I to the compound of formula IV is preferably about 1:1.

[0060] In a preferred embodiment, the resulted mixture from the reaction was extracted,
dried and evaporated to produce a raw product, which is then recrystallized in ethyl ether or

methanol giving the compound of formula II

[0061] In still another aspect, the invention relates to a process for preparing the
compound of formula I comprising reacting a compound of formula V with a compound of

formula VI in the presence of a solvent and a base (as shown in Reaction 3).

13
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[Reaction 3}
OCH;
CHj
H,N N N N /
R
\>~SH + | X Base U \>‘S N I
N a A J —— A~ N
H H
\ Vi LI}

[0062] A preferred solvent suitable for use in Reaction 3 is a polar solvent, which is more
preferably selected from the group consisting of methanol, ethanol, tetrahydrofuran, methylene
chloride, cholorform, and a mixed solvent thereof with water. A base suitable for use in the
reaction may be an organic base or an inorganic base, such as sodium hydroxide, potassium
hydroxide, potassium carbonate, sodium methylate, sodinm dicarbonate, sodivm hydride,
potassium hydride, pyridine, tricthylamine, ethyl diisopropylamine and the like, and a mixture
thereof. A preferred amount of the base added is about 1-2 equivalents, and a preferred
femperature of the reaction is from about 0°C to about 200°C. Preferably, the molar ratio of the

compound of formula V to the compound of formula V1 is about 1:1.

[0063] In a preferred embodiment, the resulted mixture from the reaction is filtered to
remove solid precipitates, and the filtrate is evaporated under vacuum to yield a raw product of
formula III, which can be directly used for preparing the compound of formula II without

purification,

[0064] In a particular embodiment of the invention, the compound of formula V,
§-amino-2-mercapto-1-hydro-benzimidazolc, may be prepared by reducing thc compound of
formula VII, 5-nitro-2-mercapto-1-hydro-benzimidazole, using conventional methods and under

conditions well-known in the art (as shown in Reaction 4).

[Reaction 4]
02N N . HzN N
\@ \>_ SH Reduction \© \>__ SH
N N
H H
VI Vv
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[0065] In a preferred embodiment of the invention, the compound of formula VII is
dissolved in methanol, ethanol, methylene chloride, chloroform or tetrahydrofuran, and 5-20
equivalents of zine powder are then added in batches. To the mixture is added slowly a
concentrated chlorhydric acid until the mixture turns colorless. After the reaction is completed,
an insoluble precipitate is filtered off and the filtrate is adjusted to pH 9-10 by addition of a
saturated solution of potassium carbonate. The mixture is decolored with activated carbon,
heated to reflux for 0.5-2 hours, filtered with siliceous earth, and dried to afford the compound

of formula V.

[0066] Hereinafter, the invention will be illustrated more in detail by the following
examples for better understanding of various aspects and advantages of the invention. However,
it should be understood that the examples below are non-limiting and are only illustrative of

some of the embodiments of the present invention.

EXAMPLES

Preparations
Synthesis of 5-amino-2-mercapto-1-hydro-benzimidazole (V)

Method 1:

[0067] 3g (45.8mmol) of zinc powder was added in batches info a stirred solution of 0.5g
(2.57mmol) of S-nitro-2-mercapto-1-hydro-benzimidazole (VI) in 50mL methanol. SmL
concentrated hydrochloric acid was then added dropwise to the mixture until it was decolored,
and stirred for 0.5 hours at room temperature. After the reaction was completed, an insoluble
material was filtered off, and 50mL methanol was added to the filtrate which was adjusted to pH
9-10 by addition of a saturated solution of potassium carbonate. The reaction mixture was then
heated to reflux for 0.5 hours, filtered, and evaporated to dry obtaining 0.27g of the title
compound as a yellow solid, yield 65.0%.

'H-NMR(300MHz, DMSO-d6): (ppm): 4.96(s, 2H), 6.37(s, 1H), 6.39(d, =9 Hz, 1),
6.81(d, =9 Hz, 1H).

Method 2:
[0068] 16.8g (257mmol) of zinc powder was added in batches into a stirred solution of 5g,
(25.7mmol) 5-nitro-2-mercapto-1-hydro-benzimidazole (VII) in 300mL absolute alcohol. 30mL

of concentrated hydrochloric acid was then added dropwise to the mixture until it was decolored,
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and stirred for 1 hour at room temperature. After the reaction was completed, an insoluble
material was filtered off, and 100mL ethanol was added to the filtrate which was adjusted to pH
9-10 by addition of a saturated solution of potassium carbonate. The reaction mixture was then
heated to reflux for 1 hour, filtered, and evaporated to give 2.5g the title compound as a yellow
solid, yield 60.2%.

Methed 3:

[0069] 168g (2.57mol) of zinc powder was added in batches into a stirred solution of 50g
(25Tmmol) of 5-nitro-2-mercapto-1-hydro-benzimidazole (VID) in 2,000mL methanol. 320mL
concentrated hydrochloric acid was then added dropwise to the mixture until it was decolored,
and stirred for 2 hours at room temperature. After the reaction was completed, an insoluble
material was filtered off, and the filtrate was adjusted to pH9-10 by addition of a saturated
solution of potassium carbonate. The reaction mixture was then heated to reflux for 1 hour,
filtered, and evaporated to dry to afford 28g of the title compound as a yellow solid, yield
67.4%.

Synthesis of 5-(1H-pyrrol-1-y1)-2-[(4-methoxy-3-methyl-2-pyridyl)
-methylthio]-1-hydro-benzimidazoele (I}
Method 1:

[0070] 4.95g (0.030mol) 5-amino-2-mercapto-1-hydro-benzimidazole (V) and 2.88g
(0.072mol) sodimm hydroxide were dissolved in 30mL water at room temperature, and 8.09g
(0.039mol) 2-chloromethyl-3-methyl-4-methoxy-pyridine hydrochloride in 150mL methanol
was then added dropwise. After 3 hours, the reaction mixture was filtered and evaporated under
vacuum to afford a raw product (III).

"H-NMR(300MHz, DMSOQ-d6): 8(ppm): 2.16(s, 3H), 3.84(s, 3H), 4.58(s, 2H), 6.43(d,
J=7.8 Hz, 1H), 6.54(s, 1H), 6.93(d, J=5.7 Hz, 1H), 7.15(d, J=7.8 Hz,1H), 8.23(d, J=5.7 Hz, 1H).

[0071] The raw product was dissolved in 60mL acetic acid, and 4.65mL (0.036mol)
2,5-dimethoxy-tetrahydrofuran (IV) was then added with stirring, and the resultant was heated
to reflux at 120°C for 5 minutes. After the reaction was completed, the reaction mixture was
poured into 200mL water, and extracted with methylene chloride (100mL x 3). The combined
organic phase was dried over anhydrous sodium sulfate, and evaporated under vacuum fo
remove the solvent. The residue was recrystallized in ethyl ether or methanol to afford 3.45g of

the title compound, yield 38.1%.
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Melting point: 194.8-196.0°C.

"H-NMR(300MHz, CDCls): 8(ppm): 2.27(s, 3H), 3.91(s, 3H), 4.38(s, 2H), 6.34(t, ]=2.1 Hz,
2H), 6.78(d, J=6.0 Hz, 1H), 7.09(t, }=2.1 Hz, 2H), 7.23-7.27(m, 1H), 7.53-7.56(m, 2H), 8.37(d,
J=6.0 Hz, 1H).

Method 2:

10072] 29.7¢ (0.18mol) 5-amino-2-mercapto-1-hydro-benzimidazole (V) and 14.4g
(0.36mol) sodium hydroxidc werc dissolved in a mixture of 200mL water and 250mL alcohol at
room temperature, and 37.34g (0.18mol) 2-chloromcthyl-3-methyl-4-methoxy-pyridine
hydrochloride in 200mL ethanol was then added dropwise. After 3 hours, the reaction mixture
was filter and evaporated under vacuum to afford a raw product (IIT). The raw product was
dissolved in 300mL acetic acid, and 27.9mL (0.216mol) 2,5-dimethoxy-tetrahydrofuran (IV)
was added with stirring. The resultant was heated to reflux at 120°C for 5 minutes. After the
reaction was completed, the reaction mixture was poured into 1,000mL water, and extracted
with methylene chloride (500mLx3). The combined organic phase was dried over anhydrous
sodium sulfate, and evaporated under vacuum to remove the solvent. The residue was

recrystallized in 30mL methanol to afford 15.75g of the title compound, yield 29%.

Asymmetric Synthesis
()-5-(1H-pyrrol-1-yI)-2-{{(4-methoxy-3-methyi-2-pyridyl)-methyl]
sulfinyl]-1-hydro-benzimidazole

Example 1

[0073] 49pL (0.286mmol) of (-)-diethyl tartrate and 43uL (0.143mmol) of titanium
tetraisopropoxide were added to 50mg (0.143mmol) 5-(1H-pyrrol-1-y1)-2-[(4-methoxy-3-
methyl-2-pyridyl)-methylthio}-1-hydro-benzimidazole (II) in 1mL chloroform, and stirred for 5
minutes. To the solution was added 2.6pL (0.143mmol) of water. After stirring for 1 hour at
room temperature, 25uL (0.143mmol) N,N-diisopropyl ethylamine and 31pL (0.172mmol)
cumene hydroperoxide (80%) were successively added. The reaction was terminated after 18
hours al room temperature. Thereafter, the reaction mixture was extracted, dried and evaporated
lo afford a raw product, which was then purified by silica gel column chromatography eluting
with ethyl acetate to give the title compound with an enantiomeric excess of 76.4% (identified
by HPLC), yield 37.7%.

'H-NMR(300MHz, CDCly), 8(ppm): 2.21(s, 3H), 3.85(s, 3H), 4.72-4.91 (AB-system,
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J=13.5 Hz, 2H), 637(t, J=2.1 Hz, 2H), 6.72(d, 3=5.7 Hz, 1H), 7.10(, J=2.1 Hz, 2H), 7.38(d,
J=8.7, 1H), 7.56(s, 1H), 7.66(d, J=8.7 Hz, 1H), 8.29(d, J=5.7 Hz, 1H).

HPLC conditions for determination of enantiomeric excess: Chiralpak OJ-H column, 35%
isopropanol/n-hexane as ecluent, flow rate lml/min, wave length 254nm, RT;=9.588min,
RT(;=18.614min.

Example 2

[00;74] 4941 (0.286mmol) (-)-diethyl tartrate and 43uL (0.143mmol) titanium
tetraisopropoxide were added to 50mg (0.143mmol) 5-(1H-pyrrol-1-y1)-2-[(4-methoxy-3-
methyl-2-pyridyl)-methyithio]-1-hydro-benzimidazole (I} in ImL chloroform at 31°C. After
stirring for 1 hour at room temperature, 25uL (0.143mmol) N,N-diisopropyl ethylamine and
31pL (0.172mmol) cumene hydroperoxide (80%) were successively added. The reaction was
terminated after 18 hours at 31°C. Thereafter, the rcaction mixture was exiracted, dried and
evaporated to afford a raw product, which was then purified by silica gel column
chromatography eluting with ethyl acetate to give the title compound with an enantiomeric
excess of 88.0%, yield 49.7%.

Examplec 3

[0075] 49uL (0.286mmol) (-)-diethyl tartrate and 43pL (0.143mmol) titanium
tetraisopropoxide were added to 50mg (0.143mmol) 5-(1H-pyrrol-1-y1)-2-[(4-methoxy-3-
methyl-2-pyridyl)-methylthio]-1-hydro-benzimidazole (II) in ImL chloroform at 31°C, and
stirred for 5 minutes. To the solution was added 2.6¢L (0.143mmol) of water. After stirring for 1
hour, 25pL (0.143mmol) N,N-diisopropyl ethylamine and 31pL (0.172mmol) cumene
hydroperoxide (80%) were successively added. The reaction was terminated after 18 hours at
31°C. The reaction mixture was then extracted, dried and evaporated to afford a raw product,
which was then purified by silica gel column chromatography eluting with ethyl acetate to give

the title compound with an enantiomeric excess of 92.1%, yield 32.5%.

Example 4

[0076] 49pL (0.286mmol) (-)-diethyl tartrate and 43pL (0.143mmol) titanium
tetraisopropoxide were added to 50mg (0.143mmol) 3-(1H-pyrrol-1-y1)-2-[(4-methoxy-3-
methyl-2-pyridyl)-methylthio]-1-hydro-benzimidazole (II) in ImL chloroform at 80°C, and
stirred for 5 minutes. To the solution was added 2.6¢L (0.143mmol) of water. After stirring for 1
hour, 25pL (0.143mmol) N,N-diisopropyl ethylamine and 31puL (0.172mmol) cumene
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hydroperoxide (80%) were successively added. The reaction was terminated after 18 hours at
80°C. The reaction mixture was then extracted, dried and evaporated to afford a raw product,
which was then purified by silica gel column chromatography eluting with ethyl acetate to give

the title compound with an enantiomeric excess of 93.7%, yicld 24.7%.

Example 5

[0077] 49uL (0.286mmol) (-)-diethyl tartrate and 43pL (0.143mmol) titanium
tetraisopropoxide were added to 50mg (0.143mmol) S-(1H-pyrrol-1-yl)-2-{(4-methoxy-3-
methyl-2-pyridyl)-methyithio]-1-hydro-benzimidazole (II) in ImL chloroform, and stirred for 5
minutes. To the solution was added 2.6uL (0.143mmol) of water. After stirring for 1 hour at
room temperature, 254l (0.143mmol) N,N-diisopropyl ethylamine and 31pL (0.172mmol)
cumene hydroperoxide (80%) were successively added. The reaction was terminated after 1
hour at 30°C. The reaction mixture was then extracted, dried and evaporated to afford a raw
product, which was then purified by silica gel column chromatography eluting with ethyl acetate

to give the title compound with an enantiomeric excess of 64.1%, yield 32.7%.

Example 6

[0078] 100mg 4A molecular sieve (4-8mesh), 494L. (0.286mmol) (-)-diethyl tartrate and
43pL. (0.143mmol) titanium tetraisopropoxide were added to 50mg (0.143mmol)
54(1H-pyrrol-1-yl)-2-[(4-methoxy-3-methyl-2-pyridyl)-methylthio}-1-hydro-benzimidazole (II)
in 1mL chloroform at room temperature, and stirred for 5 minutes. To the solution was added
2.6uL (0.143mmol) of water. After stirring for 1 hour, 25pL (0.143mmol) N,N-diisopropyl
ethylamine and 31pL (0.172mmol) cumene hydroperoxide (80%) were successively added. The
reaction was terminated after 16 hours at room temperature. The reaction mixture was then
extracted, dried and evaporated to afford a raw product, which was then purified by silica gel
columm chromatography eluting with ethyl acetate to give the title compound with an

enantiomeric excess of 89.4%, yield 39.9%.

Example 7

[0079] 100mg 4A molecular sieve (4-8mesh), 49uL. (0.286mmol) (-)-diethyl tartrate and
43uL  (0.143mmol) titanium tetraisopropoxide were added to 50mg (0.143mmol)
5-(1H-pyrrol-1-y1)-2-[(4-methoxy-3-methyl-2-pyridyl)-methylthio]-1-hydro-benzimidazole (II)
in 1mL chloroform at 31°C, and stitred for 5 minutes. To the solution was added 2.6pL

(0.143mmol) of water. After stirring for 1 hour, 25uL (0.143mmol) N,N-diisopropyl ethylamine
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and 31uL (0.172mmol) cumene hydroperoxide (80%) were successively added. The reaction
was terminated after 18 hours at 31°C. The reaction mixture was then extracted, dried and
evaporated to afford a raw product, which was then purified by silica gel column
chromatography eluting with ethyl acetate to give the tifle compound with an enantiomeric
excess of 92.8%, yield 76.5%.

Example 8

[0080] 200mg 4A molecular sieve (4-8mesh), 49uL (0.286mmol) (-)-diethy! tartrate and
43pL (0.143mmol) titanium tetraisopropoxide were added to 50mg (0.143mmol)
5-(1H-pyrrol-1-y1)-2-[(4-methoxy-3-methyl-2-pyridyl)-methylthio]-1-hydro-benzimidazole (II)
in ImL chloroform at 80°C, and stirred for 5 minutes. To the solution was added 2.6pL
(0.143mmol) of water. After stirring for 1 hour, 25uL (0.143mmol) N,N-diisopropyl ethylamine
and 31pL (0.172mmol) cumene hydroperoxide (80%) were successively added. The reaction
was terminated after 18 hours at 80°C. The reaction mixture was then extracted, dried and
evaporated to afford a raw product, which was then purified by silica gel columm
chromatography eluting with ethyl acetate to give the title compound with an enantiomeric

excess of 96.2%, yield 35.5%.

Comparative Examples
[0081] Tn the following comparative examples, an enantiomerically enriched form of

(-)-5-(1H-pyrrol-1-y1)-2-[[(4-methoxy-3-methyl-2-pyridyl)-methyl]sulfiny(]-1-hydro-
benzimidazole was prepared according to the process disclosed in Chinese patent CN1070489C.

Comparative Example 1

[0082] 19.6uL (0.114mmol) (-)-diethyl tartrate and 17.2puL (0.057mmof) titanivm
tetraisopropoxide were added to 20mg (0.057mmol) 5-(1H-pyrrol-1-y1)-2-[(4-methoxy-3-
methyl-2-pyridyl)-methylthio]-1-hydro-benzimidazole (II) in 1mL methylene chloride, and
stirred for 5 minutes. To the solution was added 1.0uL (0.057nunol) of water. After stirring for 1
hour at room temperature, 10.0uL (0.057mmol) N,N-diisopropyl ethylamine and 12.4uL
(0.069mmol) cumene hydroperoxide (80%) were successively added. The reaction was
terminated after 22 hours at room temperature. The reaction mixture was then extracied, dried
and evaporated to afford a raw product, which was purified by silica gel column
chromatography eluting with ethyl acetate 1o give the title compound with an enantiomeric
excess of 11.1%, yield 37.7%.
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Comparative Example 2

[0083] 19.6pL (0.114mmol) (-)-diethyl tartrate and 17.2uL (0.057mmol) titanium
tetraisopropoxide were added to 20mg (0.057mmol) 5-(1H-pyrrol-1-yl)-2-{(4-methoxy-3-
methyl-2-pyridyl)-methylthio]-1-hydro-benzimidazole (II) in lmL tolucnc, and stirred for 5

minutes. To the solution was added 1.0uL (0.057mmol) of water. After stirring for 1 hour at
room temperature, 10.0pL (0.057mmol) N,N-diisopropy] ethylamine and 12.4uL (0.069mmol)
cumene hydroperoxide (80%) were successively added. The reaction was terminated after 16
hours at room temperature. The reaction mixture was then cxtracted, dried and evaporated to
afford a raw product, which was purified by silica gel colummn chromatography eluting with

ethyl acetate to give the title compound with an enantiomeric excess of 23.3%, yield 5.2%.

Comparative Example 3

[0084] 19.6uL (0.114mmol) (-)-diethyl tartrate and 17.2pL (0.057mmol) titaninm
tetraisopropoxide were added to 20mg (0.057mmol) 5-(1H-pyrrol-1-yl)-2-[(4-methoxy-3-
methyl-2-pyridyl)-methylthio]-1-hydro-benzimidazole (II) in ImL toluene at 54°C, and stirred
for 5 minutes. To the solution was added 1.0uL (0.057mmol) of water. After stirring for 1 hour
at 54°C, 10.0uL (0.057mmol) N,N-diisopropyl ethylamine and 12.4pL (0.069mmol) cumene
hydroperoxide (80%) were successively added. The reaction was terminated after 1 hour at 54°C.
The reaction mixture was then extracted, dried and evaporated to afford a raw product, which
was purified by silica gel column chromatography eluting with ethyl acetate to give the title

compound with an enantiomeric excess of 36.5%, yield 33.3%.

Comparative Bxample 4

[0085] 19.6pL (0.114mmol) (-)-diethyl tartrate and 17.2uL (0.057mmol) titanium
tetraisopropoxide were added to 20mg (0.057mumol) 5-(1H-pyrrol-1-yl)-2-[(4-methoxy-3-
methyl-2-pyridyl)-methylthio]-1-hydro-benzimidazole (II) in 1mL toluene at 110°C, and stimed
for 5 minutes. To the solution was added 1.0uL (0.057mmol) of water. After stirring for 1 hour
at 110°C, 10.0uL (0.057mmol) N,N-diisopropyl ethylamine and 12.4pL (0.069mmol) cumene
hydroperoxide (80%) were successively added. The reaction was terminated after 1 hour at
110°C. The reaction mixture was then exiracted, dried and evaporated to afford a raw product,
which was purified by silica gel column chromatography eluting with ethyl acetate to give the

title compound with an enantiomeric excess of 53.1%, yield 35.4%.
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Comparative Exanple 5

[0086] 19.6uL. (0.114mmol) (-)-diethy! tartrate and 17.2pL (0.057mmol) titanium
tetraisopropoxide were added to 20mg (0.057mmol) 5-(1H-pyrrol-1-yl)-2-[(4-methoxy-3-
methyl-2-pyridyl)-methylthio]-1-hydro-benzimidazole (I) in 1mL toluene at 110°C, and stirred
for 5 minues. To the solution was added 1.04L (0.057mmol) of water. After stirring for 1 hour
at 110°C, 10.0pL (0.057mmol) N,N-diisopropyl ethylamine and 12.4pL (0.069mmol) cumene
hydroperoxide (80%) were successively added. The reaction was terminated after 16 hours at
110°C, The reaction mixture was then extracted, dried and evaporated to afford a raw product,
which was purified by silica gel column chromatography eluting with ethyl acetate to give the

title compound with an enantiomeric excess of 29.2%, yield 21.4%.

Discussion
[0087) The condition, yield and enantiomeric cxcess of the cxamples and comparative

examples are compared with each other as shown in Table 1.

Table 1
Addition | Addition of | Solvents | Temperature | Yield | Enantiomeric
of water | molecule cC) (%) | Excess (%)
sieve
Examples
1 Yes No Chloroform | Room 377 | 76.4
temperature
2 No No Chloroform | 31 49.7 | 88.0
3 Yes No Chloroform | 31 325 921
4 Yes No Chloroform | 80 247 1937
3 Yes Yes Toluene 30 32.7 |64.1
6 Yes Yes Chloroform | Room 39.9 |89.4
temperature
7 Yes Yes Chloroform | 31 76.5 |92.8
8 Yes Yes Chloroform | 80 355 [96.2
Comparative
Examples
1 Yes No Methylenc | Room 37.7 | 111
Chloride temperature
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2 Yes No Toluene 30 5.2 23.3
3 Yes No Toluene 54 333 | 365
4 Yes No Toluene 110 354 |53.1
5 Yes No Toluene 110 214 1292

[0088] From Table 1, it can be found that:

1. In cases that no 4A molecule sieve was added, the processes using methylene chloride or
toluene as the solvent only achieved a lower enantiomeric excess (typically < 55%ee), and in
contrast the processes using chloroform as the solvent achieved a substantially higher
enantiomeric excess (typically > 75%ee).

2. In comparison with the cases without a 4A molecule sieve, the processes using a 44

molecule sieve achieved a higher yield, while keeping or improving their enantiomeric excess.

(+)-5-(1H-pyrrol-1-y)-2-[[(4-methoxy-3-methyl-2-pyridyl)-methyl]

sulfinyl]-1-hydro-benzimidazole

Example 9

[0089] 49pL. (0.286mmol) (+)-diethyl tartrate and 43pL (0.143mmol) ftitanium
tetraisopropoxide were added to 50mg (0.143mmol) 5-(1H-pyrrol-1-y1)-2-[(4-methoxy-3-
methyl-2-pyridyl)}-methylthio]-1-hydro-benzimidazole () in 1mL chloroform at 31°C, and
stirred for 5 minutes. To the salution was added 2.641. (0.143mmol) of water. After stirring for 1
hour at 31°C, 254L (0.143mmo!) N,N-diisopropyl ethylamine and 31uL (0.172mmol) cumene
hydroperoxide (80%) were successively added. The reaction was terminated after 18 hours at
31°C. The reaction mixture was then extracted, dried and evaporated to afford a raw product,
which was purified by silica gel column chromatography eluting with ethyl acetate to give the
title compound with an enantiomeric excess of 94.9% (determined by HPLC), yield 34.4%.

'H-NMR(300MHz, CDClLy): 8(ppm): 2.21(s, 3H), 3.85(s, 3H), 4.72-4.91(AB-system,
J=13.5 Hz, 2H), 6.37(t, J=2.1 Hz, 2H), 6.72(d, J=5.7 Hz, 1H), 7.10(t, J=2.1 Hz, 2H), 7.38(d,
1=8.7, 1H), 7.56(s, 1H), 7.66(d, J=8.7 Hz, 1T1), 8.29(d, J=5.7 Hz, 1H).

HPLC conditions for identification of enantiomeric excess: Chiralpak OJ-H column, 35%
isopropanol/n-hexane as eluent, flow rate Iml/min, wave length 254nm, RTy=9.588min,
RT(y=18.614min.

Example 10
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[0090] 100mg, 4A molecular sicve (4-8Smesh), 49uL (0.286mmol) (+)-diethyl tartrate and
43pL (0.143mmol) titanium tetraisopropoxide were added to S50mg (0.143mmol)
5-(1H-pyrrol-1-yl)-2-[(4-methoxy-3-methyl-2-pyridyl)-methylthio}-1-hydro-benzimidazole (1)
in 1mL chloroform at 31°C. After stirring for 1 hour, 25pL (0.143mmol) N,N-diisopropyl
ethylamine and 31¢L (0.172mmol) cumene hydroperoxide (80%) were successively added. The
reaction was terminated after 18 hours at 31°C. The reaction mixture was then extracted, dried
and evaporated to afford a raw product, which was then purified by silica gel column
chromatography eluting with ethyl acetate to give the title compound with an enantiomeric
excess of 92.6%, yield 40.2%.

Purification of Asymmetrically Synthesized Product

-methyljsulfinyl}-1-hydro-benzimidazole

Method 1:

[0091] 100mg of (-)-5-(1H-pyrrol-1-yl)-2-[[(4-methoxy-3-methyl-2-pyridyl)-methyl]
sulfinyl]-1 -hydro-benzimidazole (90.2% ee) was dissolved in 0.5mL methylene chloride with
stirring at room temperature, and decolored with activated carbon. After filtration, 1.5mL ethyl
ether was added to the filtrate. The mixture was stirred for half an hour at room temperature,
kept in a refrigerator over night, and then filtered to afford 42mg of the titled compound as a

while solid with an enantiomeric excess of 93.2%, yield 42%.

Method 2:

[0092] 100mg of  (-)-5-(1H-pyrrol-1-y1)-2-[[(4-methoxy-3-methyl-2-pyridyl)-methyl]
sulfinyl]-1 -hydro-benzimidazole (90.2% ee) was dissolved in 10mL acetone leaving a little
solid undissolved. After filtration, the filtrate was decolored with activated carbon at room
temperature, filtered and then evaporated. The residue was dissolved in 2mL acetone, and the
solution was stirred for half an hour at room temperature, kept in a refrigerator over night, and
then filtered to afford 36mg of the titled compound as a white solid with an enantiomeric excess
0f 93.7%, yield 36%.

Method 3:;
[0093] 100mg of (-)-5-(1H-pyrrol-1-y1)-2-[[(4-methoxy-3-methyl-2-pyridyl)-methyl]
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sulfinyl}-1 -hydro-benzimidazole (87.3% c¢) was dissolved in 10mL acetone leaving a large
amount of solid undissolved. After filtration, the filtrate was decolored with activated carbon at
room temperature, filtered and then evaporated. The residue was dissolved in a mixture of 2mL
acctone and 4mL ethyl acetate, and the solution was stirred for one day at room temperature,
kept in a refrigerator over night, and then filtered to afford 32mg of the titled compound as a
light yellow solid with an enantiomeric excess of 96.2%, yield 32%.

Method 4:

[0094] 20mg of  ()-5-(1H-pyrrol-1-y1)-2-[[(4-methoxy-3-methyl-2-pyridyl)-methyl]
sulfinyl]-1 -hydro-benzimidazole (96.2% ee) was dissolved in 0.2mL methylene chloride with
stirring at room temperature to form a clear solution. The solution was decolored with activated
carbon and filtered. 1.0mL ethyl ether was added to the filtrate, and the solution was stirred for
half an hour at room temperature, kept in a refrigerator over night, and then filtered to afford
12mg of the titled compound as a white solid with an enantiomeric excess of over 99%, yield
60%.

(0] =-207.8 (c=1, pyridine).

Purification of (+)-5-(1H-pyirol-1-y1)-2-[[ (4-methoxy-3-methyl-2-pyridyl)
-methyl]sulfinyl}-1-hydro-benzimidazole

Method 1:

[0095] 100mg of (+)-5-(1H-pyrrol-1-yl)-2-[[(4-methoxy-3-methyl-2-pyridyl)-methyl]
sulfinyl]-1 -hydro-benzimidazole (87.3% ee) was dissolved in 10mL methylene chloride to form
a clear solution. The solution was decolored with activated carbon at room temperature, filtered
and then evaporated. The residue was dissolved in a mixture of 2mL methylene chloride and
4ml butanone, and the solution was stirred for two days at room temperature, kept in a
refrigerator over night, and then filiered to afford 35mg of the titled compound as a white solid
with an enantiomeric excess of 96.8%, yield 35%.

Melting point: 167.1-167.3°C.

Method 2:
[0096] 100mg of (+)-5-(1H-pyrrol-1-yl)-2-[[(4-methoxy-3-methyl-2-pyridyl)-mcthyl]
sulfinyl}-1 -hydro-benzimidazole (87.3% ee) was dissolved in 10mL acctone leaving a large

amount of solid undissolved. The solution turncd clear vpon addition of 2mL aqueous
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methylamine solution. The solution was decolored with activated carbon at room temperature,
filtered and then evaporated. The residue was dissolved in a mixture of 2mL acetone and 4mL
butanone, and the solution was stirred at room temperature for one day, kept in a refrigerator
over night, and then filtered to afford 43mg of the titled compound as a white solid with an
cnantiomeric exccss of 97.7%, yield 43%.

[0]"2s = +207.6(c=1, pyridine).

Method 3:

[0097] 100mg (+)-5-(1H-pyrrol-1-y1)-2-[[(4-methoxy-3-methyl-2-pyridyl)-methyl]sulfinyl]
-1-hydro-benzimidazole (98.3% ee) was dissolved in 10mL acetone leaving a large amount of
solid undissolved. The solution turned clear upon addition of 2ml aqueous methylamine
solution. The solution was decolored with activated carbon at room temperature, filtered and
then evaporated, The residue was dissolved in a mixture of 2mL acetone and 4mL butanone, and
the solution was stirred for one day at room temperature, kept in a refrigerator over night, and
then filtered to afford 51mg of the titled compound as a white solid with an enantiomeric excess
of over 99%, yield 51%.

PHARMACOLOGICAT, TEST

Effect on Acute Gastric Ulcer of Rats (Pyloric Ligation Method)

Methodology

[0098] The effect of optically pure (+)/(-)-5-(1H-pyrrol-1-y1)-2-[[(4-methoxy-3-methyl-2-
pyridyl)-methyl]sulfinyl]-1-hydro-benzimidazole on the acute gastric ulcer of rats were
investigated using a pyloric ligation method (Shay methad), and the results were compared with

a normal control group and a racemate group. The specific test methods were as follows.

[0099] Twenty-six healthy SD female adult rats were divided randomly into 4 groups and
fasted, except water, for 24 hours. Bach rat was then anesthesized with 30mg/kg Sodium
Pentobarbital and subjected to pyloric ligation. After that, 3 groups of rats (treated group) were
administered immediately via dodecadactylon with a racemate, a levo-enantiomer and a
dexiro-enantiomer  of 5-(1H-pyrrol-1-yl)-2-[[(4-methoxy-3-methyl-2-pyridyl)}-methy|sulfinyl}
-1-hydro-benzimidazole, respectively, at a dose of 3mg/kg, and the other group (control group) is

administered with the same volume of solvent.
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[0100] All rats were then fasted including water for 6 hours followed by being sacrificed.
The stomach was removed from rats after cardiac orifice ligation, and the volume of gastric

juice was collected. After being fixed with 10% formalin solution, the stomach was incised

5 along the greater curvature of stomach, the gasiric wall was unwraped, and the degree and
number of ulcers of the gastric mucosa were observed visually. Sum of the long diameter of
each ulcer was defined as the index of ulcer. All rats were housed in metabolic cages during the
test.

10 Resulfs
[0101] The results were shown in Table 2.
Table 2 Effect on Acute Gastric Ulcer of Rats
Average Volume of Index of Ulcer
Number Dose
Gastric Juice (ml), (mm),
of Rats | (mg/ke) L . o .
(Inhibition Ratio %) (Inhibition Ratio %)
Control group 8 - 4626 ' 25£16
3
Racemate o 32623 (30.8%) 1448 (41.8%)
_ : dk 3 *
Levo-cnantiomer 4 ) 14510 (68.3%) 646" (75.6%)
- 1 3 *
Dextro-enantiomer | 6 26511 (43.2%) 647" (75.6%)
15  Notes:
1. “*” compared with the control group, P<0.03 using t-test.
2. “¥#” gix rates were initially tested in this group, but one rat died during the test and one
rat presented abnormal data which were excluded in view of statistics.
3. Inhibition ratio of gastric juice (%) =
Average volume of gastric juice of control group — average volume of gastric juice of treated group L00%
X 10
Average volume of gastric juice of control group ’
20 4. Inhibition ratio of index of uleer (%) =
Average index of ulcer of control group — average index of ulcer of treated group
X 100%

Average index of ulcer of control group

[0102] From Table 2, the pilot study suggested that (1) aftex pyloric ligation, the rats of the
27
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control group showed clear evidences of acute gastric ulcer, such as increased gastric juice
secretion and appearance of ulcer of the gastric mucosa; (2) as compared with the control group,
the volume of gastric juice was reduced and the ulcer of the gastric mucosa was alleviated in all
treated groups; and (3) both the levo-enantiomer and dextro-enantiomer of
5-(1H-pyrrol-1-yl)-2-[[(4-methoxy-3-methyl-2-pyridyl)-methyl]sulfinyl]-1-hydro-benzimidazole

were more effective in inhibiting gastric juice secretion and ulceration as compared with their

racemate.
[0103] It should be understood that although the present invention has been specificalty
disclosed by preferred embodiments and optional features, modification and variation of the

concepts herein disclosed may be resorted to by those skilled in the art, and that such

modifications and variations are considered to be falling within the scope of the invention.
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The Claims Defining The Invention Are As Follows:

1. An optically pure compound of formula 1,

. ?CH3
a0 P
N N\ 2 ~N (|) i
D N
SN " N

its pharmaceutically acceptable salt and its pharmaceutically acceptable solvate.

2. Use of an optically pure compound of formula I,

- ocH;
NN~ G
9 N\/‘/ ST J
N TN

H

I

its pharmaceutically acceptable salt or its pharmaceutically acceptable solvate in

manufacturing medicaments or pharmaceutical compositions.

3. The use of Claim 2, wherein the medicaments or pharmaceutical compositions

are useful for treatment of a disease associated with excessive gastric acid.

4. The use of Claim 3, wherein the disease comprises gastric ulcer, duodenal

ulcer, gastro-oesophageal reflux diseases or Zollinger-Ellison syndrome.

5. A pharmaceutical composition, comprising a therapeutically effective amount

of an optically pure compound of formula I,

¥ WLouselOtbersiSpeeiesi 1991 13_spec Soc 29
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N N\/"s%v_,, N\ (R ~ ’ = \||
: \\,,- S\\ A
N N
H
1

its pharmaceutically acceptable salt, its pharmaceutically acceptable solvate or a

mixture thereof, and a pharmaceutically acceptable carrier.
6. The pharmaceutical composition of Claim 5 formulated in the form of a
capsule, tablet, powder, solution, suspension, syrup, pill, granule, elixir, tincture,

implant, emulsion or injection.

7. A compound having formula IT1,

?CH;
SN
HoN. e N -
: AN |..
: s, e b
U\ 7,7!\ N) - N
H
11

8. A process for preparing a compound having formula III, comprising reacting a

compound of formula V with a compound of formula VI,

OCH;
pe : N
HaN. o~ N - /J% HN. N \]:/ 3
l| . B—SH + | " H \}_S\/\N/\;
N ot = ——~ T
N ~ N ~N
v Vi 1l
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9. A process for preparing an optically pure compound of formula I, comprising

oxidizing a pro-chiral sulphide of formula II in chloroform in the presence of an

oxidant,
OCH; - )o\cm
= /s
. - N N
NN N 7™ 9 |/ i
H e \\/i 7S\\/ X S\ NN
PN N
H

10. A process of Claim 9, further comprising adding a 4A molecule sieve.

11. A process of Claim 10, wherein the 4A molecule sieve has a particle size of 4-

8 mesh.

12. A process of any one of Claims 9 to 11, wherein the process is carried out at a

temperature from room temperature to about 110°C.

13. A process of claim 12, wherein the process is carried out at a temperature

from about 30°C to about 80°C.

14. A process of Claim 13, wherein the process is carried out at a temperature of
about 31°C.

15. A process of any one of Claims 9 to 14, wherein the oxidant is a
hydroperoxide, and the process is carried out in the presence of a base and a chiral
titanium complex.

16. A method for treating a disease associated with excessive gastric acid in a

subject, comprising administering to the subject a therapeutically effective amount of

an optically pure compound of formula I,
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H

its pharmaceutically acceptable salt, its pharmaceutically acceptable solvate or a

mixture thereof.

17. The method of Claim 16, wherein the disease comprises gastric ulcer,

duodenal ulcer, gastro-oesophageal reflux diseases or Zollinger-Ellison syndrome.
18. An optically pure compound of formula I according to Claim 1 substantially
as hereinbefore described with reference to the Examples and excluding the

Comparative Examples.

19. Use according to Claim 2 or a pharmaceutical composition according to

Claim 5 substantially as hereinbefore described.

20. A compound of formula III according to Claim 7 substantially as hereinbefore

described with reference to the Examples and excluding the Comparative Examples.

21. A process according to Claim 8 substantially as hereinbefore described with

reference to the Examples and excluding the Comparative Examples.

22. A process according to Claim 9 substantially as hereinbefore described with

reference to the Examples and excluding the Comparative Examples.

23. A method according to Claim 16 substantially as hereinbefore described with

reference to the Examples and excluding the Comparative Examples.
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